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INVESTIGATION OF URANIUM MONOCARBIDE FUEL
ELEMENTS IN THE FUEL BUNDLES OF THE
BR-5 REACTOR

Sh. Sh. Ibragimov, T. S. Men'shikova, UDC 621.039.548
A. Ya, Ladygin, Yu. I. Aleksandrov, :
Yu. I. Likhachev, V. T. Galkov,

A. N, Vorob'ev, and L. I. Moseev

The use of uranium monocarbide as nuclear fuel for power reactors holds great promise [1-3]. How-
ever, the available information (see, for example, [4-7]) concerning the behavior of uranium monocarbide
under irradiation and concerning its compatibility under reactor conditions with the material of the cladding
is still insufficient, and therefore research on uranium monocarbide fuel elements is a field of great inter-
est. .

We investigated three fuel bundles — K~7, K-13, and K-12 - which had been in the active zone of the
BR-5 reactor for 1 year, 3 years, and 4 years, respectively (Table 1). The average linear power for each
bundle was 230 W/cm. The maximum temperature of the fuel element cladding was 570°C, and the value
at the center of the cores was approximately 1000°C.

Design of the Bundles and Fuel Elements

Each bundle contained seven fuel elements [8], enclosed in hexagonal stainless steel cans, with a wall
thickness of 0.3 mm and measuring 26 mm across flats. The coolant (sodium) circulation was upward.

Fig. 1. Microstructure of uranium monocarbide (at center of pellet), in the mid-
dle section of the fuel element (x500): a) 0.8% burnup; b) 3% burnup.

Translated from Atomnaya Energiya, Vol. 30, No. 1, pp. 3-7, January, 1971. Original article
submitted January 4, 1970; revision submitted June 4, 1970.

© 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Investigation of the Fuel Elements

" rate of 1.9 + 0.4% for each 1% of burnup.
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Fig. 2. Zone of interaction between ‘the jacket and a pellet (fuel element from |
bundle K-12, middle section) (x 1100).

Fig. 3. Zone of interaction between the jacket and the sodium (fuel element from
bundle K-12, middle section) (x 175). :

Each fuel element of abundle is a tube made of 0Kh18N9T steel, with an outer diameter of 8.7 mm and
a wall thickness of 0.4 mm. The tube contains uranium carbide pellets obtained by high-temperature sin-
tering. The pellets have a diameter of 7.65 mm, a density not less than 889 of the theoretical density, and
a carbon content of 5.3-5.4% by weight. Thepellets are piled to aheight of 380 mm, The space between the
jacket and the core (up to 0.45 mm) is filled w1th helium.,

i

In the upper part of the fuel element a cavity approximately 60 mm high, containing no pellets, is left
in order to compensate for the thermal expansion and to accommodate the gaseous fission products, '

External Inspection. Fuel Density and Distribution of Fission Products. Inspection of the bundles re-
vealed no external damage, All the fuel elements (21) were free from breaks and defects. ' An increase in ‘
fuel element diameter (up to 0.5% on the average) was found only in bundle K~13 (2.1% burnup). In some

fuel elements we observed a bend in the middle section (2-4 mm), probably due to the circular nonunifor-

mity of the temperature field of the fuel elements near the wall.

Density measurements made by the hydrostatic weighing method showed that the pellets swell at a

The airtight seal of the fuel elements was broken, and the gases removed, by puncturing the jacket
in a vacuum at 2-1072 mm Hg. The amount of gas inside the jacket was determined from readings on a
U-shaped manometer with an error of 0.2 em® at normal.conditions. For bundle K-13 this value was 2% of
the total amount of gas. The ratio between the krypton and the xenon generated in the fuel element was
roughly the same as: the ratio of the amounts of these gases produced during fission (approximately 1:6).
The distribution of Kr% and solid fission products agrees with the distribution of the amount of burnup along .
the length of the fuel elements.

‘The Effect of Irradiation on Changes in Fuel Composition. The metallographic examination of the
uranium carbide was carried out on specimens taken from the top, bottom, and middle sections of the fuel
element. The following findings were made (Fig. 1): :

1. All the pellets investigated showed a number of large and small cracks running in various direc~
tions.

2. As the burnup proceeds, there is a decrease in the amount of the dicarbide component in the ura- - ‘
nium carbide pellets, This is also confirmed by data from X-ray and chemical analysis.

3. Pore formation takes place in the uranium carbide pellets; the size and distribution of the pores
depend on the operating temperature of the fuel, The highest porosity was observedin pellets from the mid- |
dle section of the fuel elements. At the center of the pellets the pores are larger (up to 15u) and are ar-
ranged partly along the grain boundaries; on the periphery the pore diameter usually does not exceed 4 u.
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TABLE 1. Characteristics of the Bundles Interaction of the Jacket with the Uranium Carbide
X coumie and the Coolant. The 0Kh18N9T steel was subjected to
lati f . . . . . . spe . s
operatingHeavy - ffstsll%r; o Cumulative dose radiation aging under 1rrad1at1o.n conditions, and its mi
Bundleltime, |atom frag- ity ’, crohardness was found to have increased from 240 to 270-
|months  [burnup,% r/nents, g 10% neutrons/cm 300 kg/mm?, ’
cms3
, . On the inner surface of the jackets we found interac-
K-7 12 0,8 0,082 0,5 tion zones and individual blisters.
0,212 s The interaction zones are observed along the whole
KA3) - %2 21 2 ' length of the fuel elements, including the region not filled
. . with pellets. Their shape and thickness is approximately
KAz) 4 3.0 .| 0,304 2.1 the same everywhere., The zones are light~colored diffu-

sion layers up to 10 u thick, with a clearly marked bound- ‘
ary and a base (Fig. 2).

The maximum diameter of the blisters on the inner surface of the fuel element jackets is 120 u, the
depth 50 4. The grains of the base around the blisters are fine-structured, and the boundaries between the
grains are corroded. The microhardness of the material around the blisters is approximately equal to the
microhardness of the base. :

The outer surface of the steel (on the coolant side) interacted with the sodium and its impurities,*
which led to the formation of interaction zones. The characteristic microstructure of such a zone (Fig. 3)
indicates that the interaction took place by intragranular diffusion and diffusion along the grain boundaries.
The width of the interaction zones is 50-75 ., The microhardness of the surface layer of the jacket, with
a thickness of about 100, is very high, and it reaches its maximum values (400-500 kg/mm?) in these
' Zones.

Mechanical Properties of the Jacket Material. The mechanical properties of the fuel element jacket
material were determined on annular specimens 4 mm high, The tests were conducted on the UMD=-5 rup-
ture testing machine at a rate of travel of 4 mm/min. Before being pulled apart the specimens were kept
at a prescribed temperature for 10 minutes, The test results (Table 2) show that after the fuel elements
had been operated in the reactor for some time, the plasticity of the jackets was considerably reduced,
especially in the middle section of the elements.

Evaluation of Results

A comparison of the diameters of the irradiated fuel elements from bundles K-7 and K-12 with the
diameters of the unirradiated fuel elements shows that for 3% or less heavy-atom burnup there is no in-
crease in fuel element diameter caused by fuel swelling.

The increase in the diameter of the fuel elements in bundle K-13 (2.1% burnup), as was mentioned
earlier, averaged 0.5%. Up to the present time we have measured the diameters of 28 other fuel elements
with burnup values of up to 4.2%, and no increase in diameter has been found in any of them. We must
therefore assume that in bundle K-13 the initial diametral gap was close to zero,

The fatigue life of the jackets was evaluated for the cases in which the space between the fuel and the
jacket was maintained throughout the entire period of operation of the fuel element (including all the bundles
investigated except K~13), The jackets underwent gradually increasing pressure caused by the gaseous fis-
sion fragments emitted by the fuel, and temperature stresses caused by the heat flux and by the circular
nonuniformity of the heat field.

It is shown by simulation of heat removal conditions in the heat-generating assemblies, and also by
calculations, that the maximum nonuniformity of the circumferential temperature in the fuel elements near
the wall may reach 70°C. This corresponds to the appearance of axial stresses of up to 10 kg/mm? in
straight fuel elements. The greatest heat-flux stresses are approximately 5 kg/mm?, and the circumfer-
ential stresses caused by the pressure of the gaseous fission fragments do not go above 1 kg/mm?, The
intensity of the total stresses does not exceed the yield point of the jacket material; consequently, thermal
cycling produces only elastic deformation, so that the damage caused by thermal cycling is slight, and the

* According to chemical analysis data, the sodium contained up to 1.7 .10"%9, carbon, 1-10729 oxygen, and
3 -10739 nitrogen. '
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TABLE 2, Results of Tests Performed on process of relaxation of the temperature stresses may be
Annular Specimens of Fuel Element Jac- regarded as continuous.  On evaluating the operating ca- .
kets from Bundle K-13 (0Kh18N9T Steel) pacity by totalling the damage caused by the relaxation
Tow[Onitadiac afier tradiation t.emperature stresses (from the circular nonuniformity of
ing |ted speci- o5 of el Tmiddie of faeBOTGRToT the temperature and the heat flux), we ?OUI‘ld that there was
‘tem - [mens element element » nl{g%) tele- an adequate reserve of operating capacity in the fuel ele-
pera-| ment jackets, as judged by the criterion of long~term
re feoon |19 o IR e B . _strength. As a result of the relaxation of the temperature
C OISE| s |SE| s |SE| & IPE|s - .stresses, there are residual stresses which produce a

9 | 13 5' a0l 670 0 2 | g O '3 lato 5 0 b, }curvature in the fuel elements after removal of the hexa-

! A IR B ! ’ i gonal can during disassembly.
300 | 49,0/42,0{ 62,01 1,5 | 38,0 0,5 [40,0|0,5 - For small initial gaps (bundle K~13) the operating
capacity of the jacket is determined from the deformation

550 | 41,5{10,0] 32,0] 2,0 33;0 1,0 {50,0{2,5 accumulated as a result of cr'eep in an element charged

with a solid fuel which swells isotropically (at the rate of
1.9 + 0.4% for each 1% of heavy-atom burnup). When the
diameter of the jacket increased by 0.5%, the total defor-
mation was approximately 1% (with the axial deformation equal to the eircular deformation). In an earlier
charging of the BR-5 reactor, fuel elements of a similar type had gone out of order after the jacket diame-

ter had changed by 2.5-3%; consequently, the deformation of the fuel element jackets in bundle K-13 is not
a source of danger.

From the metallographic analysis data it can be seen that the material of the jackets (0Kh18N9T)steel)

interacts with the coolant (sodium) and the fuel (uranium monocarbide in higher than stoichiometric propor-
tions),

The zones of interaction on the inner surface of the jackets are observed everywhere, including the
compensation volume, where we know that there are no fuel pellets, i.e,, the formation of the interaction
zones originates from the gaseous phase and passes through the helium. This conclusion contradicts some
data {3, 8, 9], according to which at temperatures up to 800-900°C there is no appreciable interaction bet-
ween stainless steel and uranium monocarbide., However, it has been found [10] that carburization of the
jacket through the helium can take place at a temperature of 650°C or higher, The carburization of stain-
less steel from the gaseous phase at a temperature lower than 900°C is attributed [11] to the action of me-
thane during the hydrolysis of the uranium carbide by the moisture adsorbed on it. This process is accom-

panied by the formation of light-colored zones similar in shape and width to those found in the fuel elements
under investigation, '

Data obtained by layer-by-layer chemical analysis indicate that the zones on the inner surface of the
jackets contain approximately 0.7% carbon, uranium, and fission fragments (107%-1075%),

In the burnup range under investigation (0.8~3 atomic percent) the interaction between the steel and
the uranium carbide takes place in a narrow surface zone (approximately 10 4 wide) and probably cannot
cause any appreciable change in the mechanical properties of the jacket.

Stainless steel in contact with liquid sodium in the temperature range under consideration (up to 570°C)
may undergo various types of interaction, the intensity of which depends on the operating conditions, the
composition of the steel, the percentage of impurities (especially oxygen, carbon, and nitrogen) in the so-
dium, and other factors. The greatest effect may be produced by the carburization and nitrogenization of
the jackets, since the sodium contains appreciable quantities of carbon and nitrogen. Both processes be-
gin at temperatures above 400°C and may lead to the formation of characteristic interaction zones on the
surface of the steel. The layers on the external surface of the fuel elements investigated are comparable

in microstructure, shape of boundaries with the base, and microhardness with carburization zones des-
cribed earlier [12, 13].

On the basis of the foregoing, we niay draw the following conclusions:
1. All the fuel elements (21) maintained their airtight seal up to 3% heavy-atom burnup.

2. The change in fuel element diameter depends on the degree of burnup and the amount of space bet~
ween the core and the jacket.
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The volumetric swelling of the fuel, determined by the method of hydrostatic weighing, is 1.9 + 0.4%
for each 1% of heavy-atom burnup.

3. The total amount of gases under the fuel element jacket is approximately 2% of the total amount of
fission gases, ' '

4, No migration of Kr® and solid fission products along the vertical length of the fuel elements was
found at burnup values of 3% or less,

5. As the burnup proceeds, we observe a decrease in the dicarbide component of the uranium carbide
and an increase in the amount of unbound carbon.

6. On the outer and inner surfaces of the fuel element jackets, we find interaction layers which differ
from one another in external appearance and conditions of formation, :

7. The material of the jackets becomes embrjttled. In the range of operating temperature's the plas-
ticity of OKh18N9T steel, investigated on annular specimens (fuel element from bundle K-13) is 0.5-2.5%.

I. G. Sheinker, V., S, Kadantsev, L. I, Mamaev, and G. V. Titov participated in the work.

The authors are grateful to I. S. Golovnin, L. I. Sytov, V. M. Rodin, S. N, Bashlykov, and V. K.
Lesnichii for evaluating the results, and they are especially grateful to Academician A, I. Leipunskii for
his constant interest in the study and his valuable comments on it.
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THE CZECH 5R-1 RESEARCH REACTOR

J. Kott, A. Zbytovsky, ~ UDC 621.039.519
J. Flaidhans, and M. Jilek

The 8R-1 research reactor (see Fig. 1) developed for the "Skoda Works" by the Chemoprojekt design
agency (Prague) is a pool type reactor intended for research and testing of fissionable and nonfissionable
materials at a core thermal power of 10-20 MW, A system of pools is accommodated in the hall where
basic physics experiments are carried out; this system is provided with neutron beams and a thermal col-
umn. An extension of this hall takes the form of a multistory annex in which the remaining laboratories,
workrooms, and accessory technological and radiation safety rooms are concentrated. The main hall and
the annex are so designed to facilitate future expansions of the building,

The reactor project is based on long-term experience gained with the IRT-M Soviet reactor. Modern
fuel assemblies with four IRT type tubular fuel elements containing 171 g uranium are used to load the core
in the éR-l project. The use of these fuel assemblies and fuel elements in combination with the pool renders
the use of the reactor for in-core irradiation of specimens in a flux of 10% neutrons/cm?- sec more con-
venient, and is also helpful in organizing small loops on the core periphery.

In its design and functions, the §R-1 reactor is not a duplicate of any of the reactors now in operation
or being planned in the COMECON countries. On the contrary, it supplements the reactors used in basic
nuclear physics research and later redesigned for engineering purposes (the VVR-S, VVR-M, and IRT
reactors), as well as the high-output reactors with large irradiation capacities (the MR and MIR reactors).

The SR-1 research reactor can be used both for routine irradiation of materials and assemblies of
limited volume and for research on the physics of the atomic nucleus, solid state physics, radiochemistry,
and also for production of radioactive isotopes. The SR-1 reactor is useful in a wide range of research
efforts related to the development of nuclear power in Czechoslovakia and in other socialist commonwealth
countries.

Basic Characteristics of the SR-1 Reactor

Type Research and engineering pool type, enriched uranium fuel
(80% U235) with ordinary water coolant and moderator

Output Rating 10 MW, maximum 20 MW

Functions Research on reactor technology, studies of materials and

biological shielding, testing of reactor control instrumenta~
tion and equipment, production of radioactive isotopes

Siting Experimental base of the 8koda Works, nuclear power plant
o in Bolevec :
Operated by Bolovec nuclear plant, "Skoda Works"

Peak neutron flux Thermal 10* neutrons/cm?- sec, fast flux 5-10% neutrons
“(at 10 MW) /cm? - sec :

Reactivity margin AK/K =99

Core shape, size Made up of IRT-M type fuel assemblies and fuel elements,

core configuration subjected to modification to match speci-
fic experiment. Load~carrying slab designed to support 100
fuel assemblies '

First loading (10 MW) 5440 g U%5 (32 assemblies)

Czechoslovakia, Translated from Atomnaya Energiya, Vol, 30, No. 1, pp. 7-10, January, 1971.
Original article submitted March 3, 1970.

© 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New .York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Average specific power
of fuel at 10 MW

Irradiation level

Campaign

Refueling

Fuel storage

Fuel assemblies

Moderator, reflector
Cooling

Control and adjustment

Biological shielding
Water treatment

1.84 kW /kg U

7.4 kW/liter

Over 50 MW days - :

Remote control, manual, under shielding layer of water

In storage pool for 450 assemblies

IRT-M type, with tubular fuel elements of square cross sec-
tion

Ordinary demineralized water

Ordinary water with forced circulation from top to bottom;
secondary loop cooled with aid of cooling towers

Four shim rods and three safety rods of boral, and one stain-.

less steel fine-control rod
Lateral 5.2 m water and 2.5 m concrete; top shield 9 m water
Ion exchange column with upstream ceramic filter; hydraulic

replacement of ion-exchange resin cartridges

Experimental Capabilities of the Reactor

Most of the space for testing is provided directly within the reactor core, between the fuel elements,
In addition, the reactor is provided with vertical "wet" and "dry" channels which accommodate material
irradiation experiments. Capsules can be suspended from the lateral construction members of the pool.

The dimensions of capsules and specimens range from 16 to 71 mm in diameter and up to 650 mm in length;

The arrangement of the core and auxiliary reactor rooms allows for irradiation of small subloops
around the core periphery, with an output of 50 to 100 kW, It is assumed that not more than two subloop
channels will be undergoing irradiation simultaneously. Subloop channels not exceeding the pitch of the

. fuel assembly lattice in their diameters can also be irradiated within the core.

A neutron trap is placed at the center of the reactor core for capsule experiments at high flux, and
small capsules and specimens are readily accommodated there. The reactor is provided with two radial
and one tangential channels (each 200 mm in diameter), closed off by rotary gates, to facilitate beam ex-
traction to the experimental room.

The thermal column, dimensioned 1500 x 1500 x 2300 mm, is made of graphite and covered with
movable shielding consisting of layers of paraffin and iron, The column serves three functions: removal
of thermal neutrons, -installation of a neutron fission converter to aid in shielding studies, and re-
moval of neutrons when large parts are irradiated, ete. By displacing the core from its basic position at
the center of the pool and bringing the core right up against the thermal column, higher neutron fluxes can
be obtained on emergence from the column, and this is particularly important in shielding experiments.

Large-size structures in reactor technological equipment can be irradiated in the pool in the direct
vicinity of the core. :

Basic Process Loop

"Heat removal from the core is handled by the primary and secondary loops. The primary loop is
formed by the reactor pool, water from which passes through the core to a box to allow measurement of
the total reactor power in terms of nitrogen activity, and to a box where the integrity of the fuel elements
is checked. The water is then directed on into the holding storage pool and to three heat exchanger units,
thus forming three subloops. Each of the units includes a heat exchanger and a pump; one single subloop
is sufficient at a power level of 10 MW, Cold water is returned through diffusor tubes to the bottom of the
pool. The secondary-loop water is circulated under force between the pond serving the cooling towers and
the primary-loop heat exchangers.

The water treatment system results in the following characteristics for the reactor pool water:

Dry residue <2 mg/liter
Salt content <1 mg/liter
pH 5.5t0 6
Electrical resistivity 0.3t0 0.5 MQ/cm
Chloride content <0.02 mg/liter
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Fig. 1. Layout of the $R-1 reactor: 1) auxiliary process equipment floor; 2) basic
physics experiments area; 3) horizontal channel; 4) laboratories annex; 5) reactor
control panel; 6) control rods; 7) reactor pool concrete shield; 8) experimental sub-
loop; 9). core; 10) thermal column,

Handllng of Irradlated Materlals

All ha.ndhng of radmactlve materlals (except for materials irradiated in the experimental channels)
is taken care of in the pools. Large-size equipment is transported-under-a layer of water through the stor-
age pool. Activated equipment is dismantled by remote control under a layer of water. The pools are. sep- .
arated by removable aluminum gates with rubber seals. A crane or special fixtures handle manipulations
inside the pools.

Irradiated materials to be transported out of the water are loaded in a.shipping container directly in
the reactor hall. These operations will be carried out rather infrequently, so that no special equipment
other than remote controls for the crane has been provided for the purpose.

The technology for shipping radioactive isotopes and unpacking them is being worked out separately.
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LAWS FOR THE DEPOSITION OF MATERIALS ON
HEAT-TRANSMITTING SURFACES UNDER THE
ACTION OF THERMOELECTRIC EFFECTS

V. P. Brusakov UDC 536.7

It is known from the thermodyné.mics of irreversible processes [1-3}], that an emf (a thermal emf)

- arises in a system containing charge carriers, in the presence of a heat flux, under the influence of a tem-

perature gradient between sections with different temperatures.

In thermal power equipment, the existence of an electric field between a heat-transmitting surface
and a moving stream of heat-transfer agent at a certain distance from the wall must generate processes as-
sociated with the interaction between the electric field and the charged particles.

The main temperature drop (AT =T —T,) is localized in the viscous layer and intermediate layer of the
heat-transfer agent, immediately adjacent to the heat-—transm1tt1ng surface [4]. ’

The maximum thickness of the thermal boundary layer, where heat-transfer takes place due to heat
conduction, is determined from the equation

o= . (1)

where A is the thermal conductivity;tand « is the heat transfer coefficient. The thermal emf is included
in the emf AE between sections of the electrical conducting system, if there is a temperature difference
AT between them:

- AE=¢AT, 2)
where ¢ is the thermal emf coefficient, V/deg.

A theoretical analysis of the components of the thermal emf and the general expression for it are given
n [1-3].

With a steady heat flux, and with no convection, the value of the steady thermal emf £, referred to
a temperature difference of 1°C, is given by the expressions [5, 6};

£ = £+ —t In[al?); | @)
o As0 4

B =) 4)
AS‘):S‘;’;H‘FSE——S]‘; (5)

sx=8—Rlnas, ‘ _ (5a)

where aﬁz is the activity of the potential-forming ion k in solution; s? iz is the entropy of the moving ion;
Sg is the entropy of the moving electron in the metal; Sk and gy are the entropy of element k on the electrode
surface, and its activity, respectively.

It follows from Egs. (3) and (4) that only the potential-forming ions take part in creating the steady
thermal emf. This thesis was first expressed by M. I. Temkin and A. V. Khoroshin [5], and has been con-
firmed by Yu. A. Zyazev, both for solutions with one electrolyte [5, 6], and for a mixture of electrolytes
in solutions of very complex compositions (biological extracts) [7].

The potential-forming ion is that whose electrode potential is the most positive in the given condition:

Translated from Atomnaya Energiya, Vol. 30, No.1, pp.10-14, January, 1971. Original article
submitted July 8, 1969; revision submitted July 28, 1970,

© 1971 Consultants Bureau, a division of Plenum 'Publishing'Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
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TABLE 1. Comparison of Theoretical and Empltlcal Rates of Deposition of Corrosion
Products
empirical value | theoretical value
. q, kcal |Q, kecal
'Equxpmem /m*h |/h c, mg/l A, 4, A, 4,
g/m*-h | g/h |g/m'.h | g/h
} 2 3 4 5 76 77 8
Loop of NRU reactor under pres- 3.106 Fe 0,001 1:40- 0,6-10-4
-sure [6] - . |
Loop of the NRX (boiler) reactor 6,1.105 Fe 0,006 9,6.10-4 7,3-10¢
[15} ) 8,65.106 Fe 0,035 5,2.10-3 6.10+3
Atomic lant in Garil'vano 2,5.108|  Fe 1,3 52 65
;)1:1 power plant in Gari ya Cu 052 i 3
[16]. Ni 0,8 0,06 40
Atomic power plant with VK-50 —  [1.,25.108 ge %,%f; g,g 1.0552
u 0, i ’
reactor [17] Zn 0,043 0.3 0,4
The OP-60 12/300 boiler (super- 1.105 Fe 0,16 3,3.10~8 3,8.10-3
critical parameters) [18] : )
Experimental rig without volumet~ | 1,3.10¢ Fev0,4 0,1—0,15 0,1
ric boiling [14] .
- 60 atm boiler [19] 2,26.107 Fe 2,8 8,4—20,5 12,8
: Ci 0,10 0-0,75 1,2
Al 0,43 1,0—3,5 1,8
100 atm PK-14-27 boiler [20]- 7-107 Fe 0,28 2,5—3,5 3,9
40 atm GNM-175 boiler [21] 5.108| 2,1.107 Fe 2 0,13 10—15 0,20 9
Cii 0,160 5,1.10-2 2 4,3-102 1,9
4-36aum (boiling) experimental. 7,8-104 Ca 400 10—50 26,5
rig [22] 1 Mg1300
sulfatesof Ca,Mg)
at? )
E=E° A (6)

@

where E° is the standard electrode potential: ak is the activity of the ion; and gy is the activity of the re-
duced shape,

According to [3], in an electrical circuit consisting of conductors of the first and second kind (in the
system considered: heater surface — metal of tubes ~ surface with lower temperature — boundary layer; ;
turbulent region of heat transfer agent flow — boundary layer of heat transfer agent — heating surface), for
constant temperature difference between two points, and with appropriate conditions for transfer of electri-"
city via the Peltier effect, a continuous current arises, The Peltier heat II is related to the thermal emf
by the expression ’

IT =¢T.

Calculation using Eq. (6) indicates that in water with pH 7, containing different cations at concentra-
tions limited by ion production, the potential-forming ions can only be hydrogen ions, and possibly copper.

10
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Fig. 1. Rate of deposition of corrosion prod-
ucts as a function of heat flux [12]: ®) em~
pirical points, taken from [12]; O) points cal-
culated from Eq. (11) with gu = 11077 V/deg
.m?/V-h, ¢ =0.3-0.6 mg/liter.

The uncertainty regarding copper is due to the large scat-
ter (eight orders of magnitude) in the value of the ion pro-
duction of its hydroxide.

Reference [7] used the results of a series of experi-
ments with solutions of complex composition (biological
extracts) to calculate a value €4 in a system with a hydro-
gen potential-forming ion at pH 7, of (0.3-1)+107° V/deg.
The hot part of the system was charged negatively, and
the cold part positively. No explicit dependence.of £, on
temperature was observed. The material of the elec~
trodes (platinum or copper) had no effect on Eooe

The value of £, obtained falls in the range of the
absolute values (0.2-1.5) - 10° V/deg, obtained by many
investigators with various potential-forming ions,

Under the action of the electric field created by the
thermatl emf in the boundary layer, positively charged
particles of corrosion products will deposit on the heated
surface. The flux of particles A, expressed in g/m?-h,
is given by the equation o

A=Huc, . (7

where H is the electric field strength; V/m; u is the electrophoretic mobility of the particles, m?/V-h;

and c is the concentration of suspended corrosion products, expressed in g/m?, at a distance 6 from the
hot wall, from which the flux begins. According to [8], in water at a temperature 100-350°C the diffusion
layer 8q < 6T and therefore the particle concentrations at distance 6T can be assumed to be their concen-
tration in the turbulent region of the same section.

"The field strength in the thermal layer is

AE
S °

Substituting the value AE =¢ AT and H from Eq. (8) into E‘q. (7), we obtain

H= (8)

A= utlz ®

Substituting 6T from Eq. (1) and ¢ AT = q, where q is the heat flux, expressed in kW/m? or kcal/m?
-h, into Eqs, (8) and (9), we obtain ' .

) _ 8l '
H=-2= v (10
4 Eooucqg
PR an

Withq = 590,000 keal/m?-h, the field strength is 10 V/cm. This kind of field strength is ordinarily used
with electrophoretic precipitation of colloid particles.

The mobility of colloid particles of different sizes, charges, and kinds [9], including actual corrosion
products [10], varies in the narrow limits (3-9)-107°> m?/V-h. With increase of temperature (11], the mo-
bility varies in inverse proportion to the viscosity of the medium (approximately by a factor of 10 at T
= 573°K, or 300°C). Taking into account also the variation in the dielectric constant of water (approximately
a factor of 5), we obtain u = (0.6-1.8) - 10~¢ m2/V -h,

Reference [12] gave data of industrial investigations of deposition of corrosion products in high-pres-
sure boilers, ’ '

The points calculated from Eq. (11) with values of £, = 1-1073 V/deg, u = 1-10™¢ m2/V +h for differ-
ent heat fluxes lie in the middle of the empirical data region. Here we considered only points from the work
cited for which simultaneous values of deposition rate and heat flux were given (see Fig. 1).

_ If the thermal emf AE is greater than the dissociation value AEp [11] of some substance at the specific
conditions, the ion will be deposited in its elementary state on the heat-transmitting surface, which is the

1
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cathode - and transition of the element:into the ionv(énodic solution) or. discharge of oppositely-charged ions
will be observed in the part of the system with the other temperature.

With. cathode control the rate of deposition is

 (AE—AEp) uc
e

A= (12)

When"l'AE‘l.>f] AEp |>0 there mustbe:a.certain heat load above which-discharge of a specific ion will begin,

According to [13,14], there-does-exist a critical value-of the:heat flux (q=200,000 kecal/m?.'h for a
: spec‘ific salt. composition) above which there.is-continuous deposxtlon of ‘metdllic copper.

If the material of:- the electrodes corresponds:to the. potentla.l-formmg ion or.their potential is. deter-
‘mined by this ion, then'Ep-= 0 [11], .and the rate of deposition-of the ionis given-by Egs. (9) and (11). .In
this .case the mobility and- the concentration of the ions (u.and¢) differ from-the values for suspended parti-
cles (for-copper«u =:2,7+10"4 m2/V-h).

If'the corrosion products of copper under specific conditions.are.in the form of suspended-particles,
they will be.deposited for any heat:flux, andu =1-10"¢ m?/¥ -h,

The total rate of deposition of suspended-c¢harged particles or of discharge of potential-forming ion on
the heat-transmitting surface, where the concentration of material in the heat-transfer -agent is practically
identical over the whole surface (the active zone of a:reactor, .of a.superheater, or.the compartments of a
cylindrical boiler), is given by the. equation

i EoolicGeph
AyF=34 = — (g/bor g- equiv/h).

Since gavF = Q, where'Q is the:thermal power of ‘the .area F (kW or keal/h), then

SA =21 soouc() (g/h or grequiv/h), (13)

Table 1 gives empirical data on deposition of corrosion products of a heat-transmitting surface of var-
ious power-producing and experimental equipment, and also. data calculated from Egs. (11) and (13) for the
appropriate conditions., Table 1 shows that there is agreement over a wide range of heat fluxes (8-10%1.5
. 10%keal /m? -h), of concentrations (0.003-2:0 mg/liter), and of pressures, with or without boiling.

Table 1 also shows a small part of the analysis of-the empirical material. Deviations outside the lim-
-its of -accuracy- of evaluation are.found, as a rule, only in test rigs when artificial or "old" (formed before
they played a part in the experiment) particles are used as "corrosion products,™ and when the heat flux is
.generated by passing an electric current through the heater section.

The best agreement is observed when average values of the above quantities are reported, values ob-
tained from statistical processing of empirical data taken over a long period of operation, under steady
.conditions,

It is pointed out in [23] that radiation affects the deposition of corrosion products. For example, in
:gpecimens located in a reactor core, deposition is greater than in specimens washed by the water but lo-
-cated outside the core,

Since, because of absorption-of radiative energy, a specimen in-a reactor becomes itself-a source of
heat, the observed effect cannot be an unambiguous proof of the special role ‘of rad.latlon in the deposition
process in general.,

No effect of radiation is observed when a comparison is made of deposition rates.calculated from Eqs.
(11) and (13) with actually observed deposition rates in fuel elements subjected to a heat flux of at least 1-10°
keal/ m?. h.
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CONDITIONS FOR THE HYDROMAGNETIC
STABILITY OF A 'PLASMA

L. S. Solov'ev ) - | ' V , UDC 533.9

Energy Prihcipie

Under the aésumption of an ideal conductivity, a necessary and sufficient condition for the hydromag-
netic. stability [1] of a plasma configuration retained in equilibrium by a magnetic field B with

v Vp={(jB], j=rotB, divB=0 B )
is a positive potential energy 6W = 6Wj + 6Wy + 6 W, in arbitrary shifts ¢:
Wi =5 | (Q+18) Q-+ (ypdive +5Vp) div §) dv; @
v; '
W= 5 {B (BV) n — B, (B.V) h} £% do; (3)
z
W, = —é— g (rot 8A.)2dz; Q=8B =rot [EB]. (4)
V‘e -

The notation is interpreted as follows: p denotes the plasma pressure; B and B, denote the undisturbed mag-
netic fields inside and outside the plasma, respectively; 6B and 6Be =rot 6 Ag are the disturbing magnetic
fields inside and outside the plasma, respectively; = denotes the boundary between the plasma and the vac-
uum; and n denotes the normal to the surface. : :

. - When no surface currents exist, i.e., when no tangential discontinuity of B.occurs, the surface inte-
gral 6Wy tends to zero and consequently, positive §W;j values guarantee plasma stability.

When & and J denote the logitudinal and x and I the transverse fluxes of the vectors B and j, respec-
tively, then, in the natural coordinate system (dr = e;d6 + e,d¢ + edV) which is related to the system of im-
posed magnetic surfaces by the equilibrium configuration of [2], the vectors B and j can be expressed by the
derivatives of the fluxes with respect to the volume V:

- B=y'e;+D'ey; j=1I'e;}J,. ) (9)
When: we use the invariant characteristics

pl=11(Dl__Jlxl; QV=II(DH_JIX”;

| A ()
we can represent the equations for .6Wi (in the natural coordinates 9, £, and V) in the form of [3]:
Wi =5 [ {(Q+Lie &+ vp (@ivE)® — Q-+ LieP) % dr. | ul
The expansion coefficients of the vector e expansion in j and B are _
' _ e=VV/|VV 2+ (vi—AB)/p’ (8
and satisfy the following "magnetic" differential equaﬁ'ons: ‘
I-S-Vv=S—Bj‘*/|’ % BVA=Q—jj*/| VWV 2, _ : (9)

where.

Translated from Atomnaya Energiya, Vol. 30, No. 1, pp. 14-20, January, 1971. Original article sub-
mitted April 3, 1970; revision submitted June 15, 1970. '
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N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
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i*=j—2[VV, (VVV) Bl/| WV 2. - (10)

Let us introduce combinations of the displacement components: 1 = &'t 1= x'¢2, ¢ = JEI-T'£2 We
‘obtain div{ = £' + (jVn—BVY)/p', where £ = £3, and, hence, 6Wj ean be written in the form

v 'aw,. =5 [ (VWY1 BEY + (BVE) e+ [ie) D2+ vp (@iv & — @+ [jer?) £2) dr, o an
where the vector B' is given by the equation
B —Xei-i—@"ez——(BQ—JS)/p ; o (12)

the primes denote derivatives with respect to the volume V.

Stability of a Plasma Cylinder

General Relations. It suffices to consider the stability of each helical harmonic £ = £ (r)elm{@=02)
@ =k/m, k = 2rn/L, where m and n denote integers, for investigating the stability of a plasma cylinder
with identical end faces at z = 0 and z = L (toroid model). It follows from the minimization condition {4]
that £ =0, i.e., noncompressed oscillations are most dangerous. We have

awi—nLj {1y () — 20681 + (my2 — 20,7.) &} ar. -(13)

The following notation is employed: g8 = 1 + a’r%; bq, =B /r y = aBg —b(p, ¢ = typ; the prime denotes differ
entiation with respect to r. When we introduce the notation =iz+ ozr] s jL =ip—ariz and use the vari-
able f = ry{ in place of the radial displacement component, the sum 6W; + 6We = 6Wy is represented by a
single integral which must be taken over the plasma region0 <r<a and the external magnetic field region
a <t <b, where b denotes the radius of a shield with ideal conductivity:

b

6Wv=nL§{%(ff+%)2+(’"%—%)fﬂ}dr, o ae
W =nL [ (B} — BZ,)la. : | (15)

When current-density discontinuities occur on the radii ri, we can write for 6Wy

|
|
| where we have
[ "'

o v (o e [ (B ) + 222 [z .

| T g {55 o (7 +ih) + ]fg} d”fE Giyi— "y'-’)lk' - (16)

l
When the function f satisfies the Euler equation

] . r -, ‘ m2 1 {200 . |, ., - )

; - Fr) - R Fa) + ] =0 | am
in the space between the discontlnuities then §Wy can be represented in the form of a sum over the d1scon-
tinuities: :

SWy =L R (rfia The a : '
v 2 [+ (h vi— iyttt itee) |- (a8

"It follows from Eq. (16) that plasma instabilities can result from discontinuities of the current density.
However, this type of instability does not really occur when a singular point rg is situated within the plasma
| so that y(rg) = 0, because in this case, the disturbance drifts to 1nf1n1ty [5]. The expression for 6Wy can
| be written in the form ’

a b .
¢ 3,2 2 .
= et (e —5) T @ 2Ba‘b3>)+ | e} dr 4 [SE @B W]+ | (51242 ) a9
0 a
} S
The possible instabilities can be divided into two classes, namely internal instabilities resulting from
a negative value of the volume integral in Eq. (16), and surface instabilities or discontinuous instabilities
resulting from negative values of the surface integrals in Eqgs. (16) and (19). Internal instabilities, which

are also present when the plasma boundary is fixed £(a) = 0, develop with relatively smaller increments (in
the ratio Bz/B ) when the ratio B(p/ B,, is small.
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is obtained from Eq. (18) [7]:
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In the case of a cylindrical geometry, Suydem's crlterlon [6] is a necessary condition for plasma
stability:

w244 2u2p' [rB5>0; p-=By/rB;; (20)
this equation is obtained under the assumption that the disturbances are localized in a thin cylindrical layer,

In a low-pressure plasma (for B¢,/ Bj <« 1), the solution ¢ = const satisfies the Euler equation, and a
necessary condition for the absence of surface instabilities for a plasma cylinder without surface currents
LBy (a)2naB, (@) <1. (21)

According to Eq. (19), a sufficient condition for the internal stability is obtained from the following two re-
quirements: '

LBy (2mrB, () <1; | (22)
, 219z By
rp’ — 1 B >0, 23)

for m =1 and m = 2, respectively. When condition (22) is satisfied, only disturbances which are almost
constant along the magnetic force lines cause instabilities in the case B(p/ B, « 1.

The absence of zeros in the solution of the Euler equation for the function £ (r) in the interval 0 < r
< a is a sufficient and necessary condition for the internal stability of a plasma [4].

Plasma Cylinder with Surface Currents. In the absence of distributed currents, when only a tangen-
tial discontinuity of B exists at the plasma boundary, the condition (21) suffices for the plasma stability in
the case B;j = By, whereas the condition B pe < Bgzi must be satisfied in the case By, =0 [8].

Plasma Cylinder with Uniform Current. In the case j, =const and B, = const, the Euler equation (17)
has the exact solution

f=¢eJm(wr)—aurdp (wr), »*=g2—k?, (24)

where € = 2abg/y = const. The cdnﬁguration under consideration is unstable because Suydem's criterion
(20) is not satisfied. The condition of [9],

LBy/2nrB, < 1/m, ' (25)

is a necessary condition for the absence of sudden instabilities. However, this condition cannot be satisfied
in the case of large m values. )

Force-Free Configuration. In the case j = ¢B, & = const, Bz = By, (er), and B¢ = ByJ 1 (er), the func-
tion stated in Eq. (24) is a solution to Eq. (17). In order to obtain internal stability of the mth mode, the
conditions ja/B < xm{ [10] must be satisfied, wherein x,y,; denotes the first root of Jy, (x).

When a free boundary is present, an instability caused by a discontinuous current density is possible.
In order to stabilize this instability, the singular point r = rg (where y = By[aJ,(er) — J(er)/r] = 0) must be
situated within the plasma. Consequently, in the case of an instability with long~-wave oscillations ar « 1,
the relation ea > x;; must hold, where even the necessary stability condition (25) is satisfied for £q ® Xy,
Thus, the stability conditions for a plasma with a free boundary establish a force-free configuration with
€q ~ Xy ~ 3.8 in which Bz and jz change their signs inside the plasma at r/a ~xq;/x;~ 0.63.

Internal Interruption of the Current Density. When j =jz =constfor 0 <r<ryandj=0forry<r<a,
a discontinuity-induced instability of the plasma cylinder with a free boundary at b — « is stabilized when
the condition of [7] is satisfied:

r¥a® <1 —1/m. -(26)
In order to satisfy the mode with m = 1, it is necessary and sufficient that inequality (21) be satisfied,.

Parabolic Distribution of the Current Density. In the case j = ]z =3 (1= arz/a ), we obtain for the
necessary cond1t1on for the surface 1nstab111t1es to be absent on a plasma cylinder with a free boundary (b

—»OO)

2m 41 1 2rn+1
1— m+2 m-l—l‘<l/1_ ’ (27)
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This expressidn is obtained from Eq. (19) at ¢ = r™~!, This means that it is necessary to reduce the cur-
rent density € > 0. In the case m = 2, the instabilities under consideration are stabilized for £ = 1 when
j(a) = 0. '

Stablllzxng Effect of Conducting End Faces

When in Eq. (11) for 6Wj, we neglect the term -yp(dw.g)2 and replace the vector in the ﬁrst bracket
with its projection upon VV, we obtain

W > S {(BVE)/| VV [2— (Q-+ */| WV [2— BVA) £3} d. ' , (28)

In deriving. stability cr1ter1a for a plasma configuration whose magnetic force lines can be assumed
to be frozen in walls with ideal conductivity, we must postulate that the tangential component of ¢ vanishes
at the end faces [4]. When we integrate along the force lines, we have BVE = ¢d¢/d¢. Taking into account

the condition £ = 0 at the end faces ¢ = 0 and ¢ = 1, we obtain [ (d¢/dg)?de = 72 f§2d§. Thus, according
d 0

to Eq. (28), we can obtain from this expression a sufficient condition for stability:

n @' . 29
<_|VV|=> 2 |VVI“ —Q+BVA>0, (29)
where the angular brackets denote averaging over the layer volume between neighboring-magnetic surfaces:
=7 | 1dr. | | (30)

Contrary to the necessary stability condition obtained by B. B. Kadomtsev [4], the criterion stated in Eq.
(29) includes a restriction for the longitudinal current. In the case of a plasma cylinder with end faces
having ideal conductivity at z = 0 and z = L., we have V = 7ril,, and BV = 0. In this case, the sufficient
stability condition of (29) assumes the form

“n2BYL2—2j,B,/r=0. . (31)
If j = jz = const, we obtain from Eq. (31) a restriction for the longitudinal éurrent: ' '
jLinB, <1.
In deriving a necessary stability condition, we restrict ourselves to the case of a plasma cylinder with
a uniform current j = j; = const and assume shifts in the form £ = £ (r) sinm(p— pz) sinkz, n =7(r) cosm(gp
— uz)sinkz, where k = rn/ L. In.this case, the tangential components of the electric field E = (1/¢)(8/0t)

[ £B] vanish at the end faces z =0 and z = L. The minimization of §Wj with respect to n leads to the follow~
ing expression for a low-pressure plasma

O _ o [ fadIf/ 2oy (r 2]~ gt o) 2 k2 |
L B: g { A+ (pit-a?)r2 = fz} (32)
where f =rf. For pla? « 1 and o’a? « 1, we obtain
SWi=nLBla2 § (/"2 +-(m¥/r? + 4yt — u*fa?) £} r dr _ (33)
) ,

and the corresponding Euler equation has the solution f = Jm(2u-rJ p?/at=1). This means that the necessary
condition for the internal stability at & (a) = 0 is most restrictive for m = 1:

pal<V maz, /2L ~ V 2nalL, . (34)

and this imposes a restriction on the longitudinal current jpa/Bgz < V8ra/L.

Stability of Closed Toroidal Configurations

Stabilization of the Lowest Modes. A condition for the stabilization of the lowest modes can be easily
derived from Eq. (28). For the sake of simplicity, we restrict ourselves to configurations with circular
cross sections of the magnetic surfaces and with a small curvature of the magnetic axis, We assume that
the longitudinal current decreases in radial direction. Thus, we obtain the following sufficient stability con-
dition for the mode m:
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jLl4nB < 1/(m +2). (35)
Analog to Eq. (25), this condition is not satisfied for large m values.
Potential Energy of Helical Harmonics. Let us consider 6Wj for a single helical harmonic of a dis~
turbance and assume ¢ = §(V cos 27 X (nf=me). We introduce the notation u = ng'-my', v =nJ'=ml',

=ne, + me, = (ju—vB)/p'. When we restrict ourselves to a toroidal configuration with axial symmetry,’
we obtain from the minimization of Eq. (11) with respect to n:

W= | {5 v ey —[c[,e]])2+([ce]Z“——Q—[jelﬂ)gz}dr; : (36) -

When we assume that ¢ and je vanish at the plasma boundary, we obtain by partial integration:

aWi=_2_S-/!_VVP\(u§)/2+/l i +[x I'Jrcf'ez nl’  p'+BB’

N et/ x'2 c2 .
jes 2 SjB—QB2— '
_<c_2> ] u- ;2 ch—”\ gz} dr. (37

In the case of a cylindrical geometry, this expression transforms into Eq. (16), provided that no tan-
gential discontinuities of the current density are present, It is essential that in the transition to toroidal
geometry, the term ~p'(r) (which is responsible for the internal instability of the plasma cylinder) is re-
placed, in accordance with the relation

bip (’) ]B '
o \ JEIN 38
paL / Q<c2/ Ne2 /s’ (38)
with a quantity which becomes positive for p' < 0 and at sufficiently small currents. We note that the two
first terms on the right side of Eq. (38) characterize the stabilizing effect of minB.

Sufficient Conditions for the Stability of Toroidal Configurations, We represent the vector B by an
expansion in powers of V: '

B=B,+ BV -+ B2+ ...; BI D = xMey+ Oe,. (39)

When we replace the vector in the first bracket of Eq. (11) by its projection upon [Bye] and use the Schwartz
inequality, we obtain '

0> [ (S (VE) + Ll (Boel £ [Boel™ — (Q+ [jeP) £} dr. , (40)

Taking into account that, in the case of small currents, the dangerous disturbances are close to constant
disturbances along the magnetic force lines so that £ ~ £,, where BjV&, = 0, we obtain by partial integra-

tion over the variable V the following condition for the positiveness of 6Wj:

S ([ je] [Be]) — Q([Be]2) — (([jel*) ([Be]*) — ([je] [Be})?) > 0. (41)

It is assumed in the derivation of Eq. (41) that the current density decreases with the distance from the mag-
netic axis and that the boundary conditions {5 =0 or jy = 0 were used, Thus, inequality (41) is a sufficient
condition for the internal stability of the plasma configuration. As follows from the above analysis of the
stability of a plasma cylinder, when we wish to stabilize a surface instability for m = 2, it suffices for the
stability of a toroidal configuration to satisfy Eq. (41) and the additional condition lJ L/3'V| s < 47 for the
first helical disturbance mode.

One can use Mercier's orthogonal coordinates [11] p, w, and s for determining the vector e = IVevgl
After assummg 0=w/2r +0,and ¢ =s/L + g we obtain equations for § and ¢:

BV = o — Bo/2np, BVE—=Q' — Bi/hL, (42)

where hg = 1 + kpcos (w = [ nds); k and w denote the curvature and twisting of the magnetic axis s, respec-
tively. '

In a configuration with axial symmetry and circular cross sections of the magnetic surfaces, the vec-
tor e is approximated by
b7 Bgsin o

[VVE =2Rzpj. °® (43)

e=

when quasi-homogeneity is assumed. R denotes the radius of the magnetic axis. In this case, criterion (41)
reduces to :
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= [ (1) -w] >0 oo
where p = By, /pB¢ Condition (44) agrees exactly with the sufficient stability condition derived in [12] in

another way, As has been shown in [13], the necessary stability criterion of Mercier [14] leads to the re-
striction

B () >0 9

for the configuration under consideration; the term 1/R? in criteria (44) and (45) characterizes the stabiliz-
ing effect of the magnetic bottle which is created when a plasma cylinder is bent into a toroid.

Mechanisms of Hydromagnetic Plasma Stability

"It follows from the theory of hydromagnetic stability of plasma configurations that a magnetic bottle
(which arises only in configurations with a rather complicated geometry) provides a h1ghly stabilizing effect.
Of particular interest in this connection are stability eriteria which are not related to an actual plasma geo-
metry. ‘

The concept of a magnétic bottle or well was introduced by Rosenbluth and Longmire [15]). Their
stability condition can be reduced to the requirement that a magnetic well V"(&) < 0 exists. In configura-
tions with closed magnetic force lines, this condition assumes the form

—Q>0 (46)
in our notation stated in Eq. (6).

B. B. Kadomtsev [16] obtained a necessary and sufficient condition for the stability of a low~pressure
plasma under the assumption of closed force lines

— Q4 yp?/p'2>0. 47

Necessary stability conditions were obtained in [17] for configurations with closed force lines under
the assumption that the disturbances were constant along the force lines, ' The corresponding conditions
are

—Q(BY—p>0, ppR—p?>0 (48)

and the plasma is unstable, if one of the inequalities (48) is not satisfied. The second condition (48) can be
satisfied only in configurations without a magnetic well: @ > 0. This means that the first inequality (48) is
a necessary condition for the "convective" stability of configurations with a magnetic bottle or well. The
first inequality of (48) can be written in the equivalent form

—p' {5 (p+55) > >0, (a8

which for p'(V) < 0 reduces to the requirement that the average derivative with respect to V is pos1t1ve from
the "full pressure” p + B%/2.

A necessary stability criterion, which is independent of the actual plasma geometry, was obtained in
(14, 18, 191 for disturbances localized in a thin layer between neighboring magnetic surfaces. As has been
shown in [20], this criterion can be written in the form

5 s () ol S (D (B S BN) >0. (49

N[WES— AN[VWES N[WE/— NJW[E/
A sufficient stability criterion
' ~Q—[jef>0 ’ (50)
was obtained in [3] with the only assumption that surface currents are absent. In (3], there was also ob—

tained a sufficient criterion for the internal plasma stability under the assumption that the equilibrium con-
figurations considered are quasi-homogeneous:

S ((iel [Be]) — Q ([Be]*) — ({[jel®) (| Bel*) — ({je] [Be])?) > 0. (51)

19
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Criterion (51) has been generalized in the present article to the case of a deereasing current density.
In order to obtain stability, it suffices in this case to satisfy criterion (51) and the additional condition

[ TLIQ'V |5 << 4. (52)

As has been shown in (3], a sufficient condition for internal stability of quasi-homogeneous configura~
tions is identical with criterion (49) without the term S%/4. Assuming that the vicinity of the magnetic axis
is the most critical region as far as stability is concerned, it suffices to satisfy criterion (49) (which is less
restrictive than criterion (51)) in order to obtain stable configurations with decreasing current densities.

It follows from Eq. (7) that currents in the plasma are a destabilizing factor leading to instabilities.

-In toroidal configurations without longitudinal currents, a decreasing plasma pressure implies destabiliza-

tion; in systems with longitudinal currents, the destabilizing effect of the longitudinal current must be added.
Consequently, the stability conditions reduce to restrictions for the plasma pressure and the longitudinal
current in the plasma. A magnetic bottle, which is characterized by the quantity Q in the case of configu-
rations with closed force lines, or identical second and third terms in expression (49) for arbitrary confi-
gurations, or the spread, whichis characterized by the term S2/4 in (49), act as stabilizing factors in cri~
teria (46)-(51). '

For the purpose of comparison, we apply criteria (46)-(51) to a "Tokamak" system under the condi-
tion that the magnetic field is quasi-homogeneous and that p'(p?) < 0. We obtain the following relations from
the eriteria (46), (48), (49), and (51):

wmoImE pE T ES% (53)
1 22 . . :

i e (54)
o | =
1B ‘ ' 56
=t ap >0 ' (56)

In the case of an extremely small plasma pressure, criteria (53)-(56) reduce to the restrictions stated
in (55) for the longitudinal current. The necessary stability conditions (53) and (54) are less restrictive
than the necessary condition (55), because the destabilizing effect of a finite plasma pressure was not prop-
erly taken into account in (53) and (54). The sufficient condition (56) contains an additional restriction for
the plasma pressure (compared to condition (55)).

As has been shown in (21}, the sufficient stability condition (50) can be satisfied in systems without a
longitudinal current when 8B = 2p/ B? is small enough. This means that the mechanism created by a mag-
netic well is adequate for stabilizing hydromagnetic instabilities in these configurations.

Condition (52) for the length of the system, along with criterion (51), in which the magnetic well is

~ the only stabilizing factor, are sufficient conditions for internal stability of configurations with longitudinal

currents. In the case of a free plasma boundary, additional restrictions appear. Condition (52) becomes

a necessary condition for the stabilization of helical instabilities (m = 1), for which the finite length of the
system plays the role of a stabilizing factor. Apart from this, there arise restrictions for the current dis-
tribution, i.e., the current density must decrease rapidly with increasing distance from the magnetic axis.

In configurations with a circular magnetic axis and a circular transverse cross section of the magne-
tic-surfaces (Tokamak type), the depth of the magnetic well is given by the curvature of the magnetic axis.
According to the necessary condition (49), in the case of a parabolic pressure distribution, a nonvanishing
stability region appears only when the plasma cylinder is folded to a toroid. In more complicated configura-
tions, the depth of the magnetic well depends on the form of the cross section of the magnetic surfaces as
well as on both the curvature and the twisting of the magnetic axis {22-25].

A strong stabilizing mechanism resulting from the stress effect created by magnetic force lines [4]
arises in certain plasma configurations with magnetic force lines frozen into conductive end faces. As
shown by the additional criterion (31), a plasma cylinder with frozen magnetic end sections is a hydromag-
netically stable configuration, provided that the longitudinal currents are small enough. ’
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INVESTIGATION OF THE INSTABILITIES OF THE PLASMA
STRING IN THE TOKAMAK-3 SYSTEM BY MEANS OF A
CORRELATION METHOD

S. V. Mirnov and I. B. Semenov ' ’ UDC 621,039.626:533.933.8

The present article considers instabilities of the plasma string which develop in the Tokamak-3 sys-
tem when the stability reserve q = Hza/ HyR is reduced (Hg, denotes the magnetic field generated by the cur-
rent; Hy is the stabilizing magnetic field; @ denotes the small radius of the plasma string; and R is the large
radius of the plasma string). :

1L KkAJ
- 6ok

rel.

T T 7T T T

=1 17

t, msec

Fig. 1 Fig. 2
Fig. 1. Arrangement of the magnetic probes: 1) copper jacket; 2) liner; 3)
plasma; x) magnetic probe,
Fig. 2. Frequency spectrum of the disturbances at q =3: a) discharge current;
b) signal W(t); c) oscillograms of the signals of two magnetic probes placed at
angles of 30° in ¢ direction; d) envelope of the magnetic probe signal after pas-
sage through an 8 ke band filter; e) passage through a 10 ke band filter; f) pas-
sage through a 15 ke band filter.

Translated from Atomnaya Energiya, Vol. 30, No. 1, pp. 20-27, January, 1971, Original article
submitted September 22, 1969; revision submitted July 8, 1970.

© 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New .York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Fig. 3 : Fig. 4

.Fig. 3. Functions W(gp) in polar coordinates: a) discharge current; b) oscillogram of W(t).
The readings on the circle circumference; the dashed lines denote the mirror image of the
curve.

Fig. 4. Dependence of the correlation functions upon ¢ and y in the case of disturbances
with m =3 and m =4 (see Fig. 3).

A correlation analysis of the spatial fluctuations of the magnetic field ﬁ(p generated by the discharge
current was used in investigations of the instabilities. A system comprising 18 magnetic probes on the sur-
face of the discharge chamber (liner) allowed determinations of the spatial structure of the discharge; a set
of band filters was used to determine the frequency spectrum.

When one makes the logical assumption that the observed fluctuations of the magnetic field correspond
to current-dependent fluctuations of the plasma string's surface, the method used is suitable only for inves- .
tigating relatively large nonpotential disturbances, i.e., disturbances arising from magnetohydrodynamic
instabilities. '

It is well known that such instabilities develbp in Tokamak systems mainly when q is reduced to 3 [1].

This range of the discharge conditions was investigated in detail. In addition, instabilities arising at q = 2
and in the initial stage of the discharge process at q = 4 were considered.

- All éxperiments were made with the Tokamak-3 system [2] having the large toroid radius R = 100 cm
and the liner radius 20 cm. The stabilizing magnetic field was varied from 17.5 to 26 kOe, the discharge
current from 50 to 150 kA, the plasma concentration amounted to (1-2) - 108 ¢m™3, and the cross section a
of the plasma string was slightly greater than in the preceding experiments; the increased cross section
was obtained by increasing the aperture of the limiting diaphragm from 15 to 17.5 cm. The discharge cur-
rent pulse had a duratlon of about 70 msec. Hydrogen was used as the test gas.

Observation 'Method

Figure 1 shows the arrangement of the magnetic probes which consisted of wire coils with a diameter
of 10 mm and a length of 30-50 mm oriented parallel to the magnetic field Hy created by the current. The
probes were placed on the outer surface of the toroid, but some add1t10na1 monitor probes were situated on
the inside of the toroid.

The signals derived from the magnetic probes were applied to a four-channel correlation analyzer de-
veloped for the experiments. - The arriving signals were first subtracted in the analyzer circuits and then
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integrated. This procedure resulted in a quantity which is proportional to the difference in the magnetic
fields at two points in space. This quantity was squared with semiconductor diodes and averaged over time
by integration (r ~ 1 msec).

The signal W ~ 0, + B, - 2H ot o1 was then derived from the receiver output and applied to an os-
cilloscope. We note that for H(pl = Hq;z = ¢, we obtain W ~ H’ o[1=f(@, ¥)]. where {(¢, y) denotes the

spatial correlation function of the fluctuations of the magnetic flelds (3]; the angular coordinates of the to-
roid are denoted by ¢ and y (see Figure 1).

The frequency characteristics of the correlation receiver made it possible to conduct measurements -
in the frequency range 4-40 ke/s. - However, the shielding of the magnetic fields by a conductive liner lim-
ited quantitative measurements to frequencies below ~ 15 ke/s.

Since the frequency of the fluctuations was usually below 10 kc/s, a correction taking into account the
influence of the liner could not be made.

In the ensuing evaluation of the correlation signals, the correlation functions were calculated when the
precise structure of a disturbance had to be determined. In another type of evaluation, the function W was
constructed in polar coordinates, which made it possible to estimate the relative magmtude of disturbances
in addition to a representation of the disturbance structure,

Structures of the Plasma-String Disturbances

Figure 2b shows one of the oscillograms of W(t). Two different disturbance regions in the plasma
string are found in this case. There exists first a region coinciding with the initial part of the discharge;
a second region is observed around the maximum of the discharge current. As has been previously des-
cribed in (4], the first disturbance always occurs. As far as the second region is concerned, it was estab-
lished that it appears only when the stability reserve q near the boundary of the plasma string decreases to
3 or 2. Under quasi-stationary conditions (growth time of the discharge current approximately 5 msec,
plateau length 30 msec, and decline interval 30 msee), a second disturbance region could not be observed-
at q ~ 4. '

Let us consider in detail the second disturbance region which arises when q is reduced to 3.

Disturbances of the Plasma String at q = 3. We note that in the case depicted in Fig. 2, the discharge
conditions were chosen so that the stability reserve was only slightly greater than 3.

In order to establish the type of disturbances of interest, the signals derived from two magnetic
probes placed in ¢ direction at relative angles of 30° were directly applied to the input of a double~beam
oscilloscope.

The horizontal time base had a duration of 500 msec. The triggering occurred at a moment during the
development of the discharge. The corresponding oscillograms are shown in Figure 2¢ for two such mo-
ments. One of these moments corresponds to the initial stage of the disturbance, whereas the second mo-
ment corresponds to the maximum development stage of the disturbances. Two points are noteworthy: first,
the principal component of the observed oscillations has a relatively low frequency; second, the signals of
neighboring magnetic probes are shifted in phase.. The latter fact indicates that the disturbances under in-
vestigation are waves propagating in ¢ direction. The low frequencies of these waves (4-10 ke/8) imply
that the plasma string rotates with a nonuniformly distributed current density j(y) near the boundary. This
rotation can result from radial electric fields E,. in that region. One can calculate both the rotation rate
Ve and Er under this assumption. These quantities vary from 1- 10° cm/sec to 3-10° em/ sec and from 30
V/cm to 75 V/cm, respectively. The rotation occurs as if the plasma were positively charged relative to
the walls of the discharge chamber.

Similar disturbances were found in optical observations by N. D. Vinogradova and K. S. Razumova
(5] in the TM-2 system. They also assumed a rotation of the plasma string and found, for the correspond-
ing rotation rates, values ranging from 1.5-10° cm/sec to 10 10° cm/sec.

The band filters, which were put at our disposal by M. N. Shepelev, were used to measure the fre-
quency spectrum of the oscillations recorded by a single magnetic probe,
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Flg. 5. Development of a resonance disturbance with m = 3 when q is reduced
to 3.

Figures 2d, e, and f show as examples the envelopes of the filtered signals for the frequencies 8, 10,
and 15 ke/ s, respectively, The fact that, in the stage of maximum disturbance development, the spectrum
is rather narrow (Av. =~ 1 ke/s) and shifted toward relatively low frequencies (as noticed in the past) is the
outstanding feature of the spectrum obtained in this way. In the early development stage of the disturbance,
the spectrum extends to 20 kc/s and is less regular. We believe that this behavior can be-explained by the
generation of a large number of fine disturbances at that stage; the further development of these distur-
bances results in an accumulation into more powerful and regular disturbance formations.

Some information on the form of these regular disturbances can be obtained from an analysis of the
oscillograms shown in Fig. 2c. Since in the case of a constant rotation rate, the signal derived from a mag-
netic probe is proportional to the derivative of the magnetic field of the disturbance in ¢ direction, one can
conclude from the asymmetry of the oscillograms that the distance between neighboring disturbances in @

.direction is much greater than the transverse dlmensmns of the disturbances. In other words, the distur-

bances are essentially localized in ¢ direction,
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Our correlation analysis method made it possible to determine the spatial structure of the distur-
bances. Relationships W(¢) for disturbances arising in the initial and medium stages of the discharge are
represented in polar coordinates and relative units in Fig, 3. The four-lobe and three-lobe forms mean
that the corresponding disturbances have a definite structure withm =4 and m = 3.

Of particular interest is one feature of the disturbances with m = 3; this feature was more or less
typical for all disturbances which we observed. We refer to the asymmetry of the corresponding distribu-
tion W(¢p). The conclusion is that the amplitude of the disturbances decreases from the outer enclosure of
the toroid toward the inner enclosure, as one would expect for balloon-type disturbances, i.e., disturbances
which develop only on the outer surface of a toroidal plasma string.

However, this conclusion was incorrect, At least two effects could contribute to an apparent attenua~
tion of the disturbances in the measurement system employed, First, the current string could be shifted
outward, relative o the center of the liner; second, the correlation function could increase with increasing
@, i.e., the form of the disturbances which were shifted with respect to each other at great angles in ¢ di-
rection (~180°) could be distorted. A measurement of the shift of the current string with the method out-
lined in [6] revealed that the string's center was shifted, relative to the center of the discharge chamber,
by 1-2 cm toward the outside (the configuration of the magnetic probes was concentric to the discharge
chamber in the experiments herein described). However, a 2-3 cm inward shifting of the current string by
application of magnetic fields transverse to the direction of the discharge current did not change the overall
distribution.

On the other hand, direct calculations of the correlation function f(y) show (see Fig. 4) that for m = 3,
as well as for m =4, the form of the disturbances depends only insignificantly upon an increase in ¢.

These observations confirm the conclusion that the disturbances develop mainly on the external sur-
face of the plasma string.

A difference amounting to a factor of five was found in direct measurements of the magnetic field
fluctuations with the aid of probes placed on the large toroid radius near the internal and external edges of
the plasma string (see Fig. 1).

Absolute calculations of the observed disturbances of the magnetic field made it possible to estimate
the corresponding.disturbances in the discharge current. The disturbances in the discharge current only
amount to hundreds of amperes, i.e., they amount to less than 1% of the principal discharge current. Mea-~
surements of the correlation function in dependence of the angle y (see Fig. 4) réveal that the azimuthal
number n = 1 must be ascribed to the disturbances. Since under the discharge conditions considered, the
stability reserve along the boundaries is close to 3 (the radius of the string is defined as d—A, with d de~
noting the radius of the diaphragm, and A the shift of the current string relative to the chamber's centers),
the disturbance under consideration is a resonance disturbance withm =3 andn =1 (g = m/n), -

It was of interest to observe the further development of the disturbance at increasing discharge cur-
rents. When the discharge current is increased in the usual fashion (Fig. 5a to e) without modifying the
shape of the discharge pulse, the disturbances with m = 3 become unstable once a certain value J = Jop (q
~ 3) is reached (see Fig., 5d). Disruptions occur during the development of the disturbance; the disruptions

correspond to not very large, yet noticeable voltage breakdowns, TFlashes of the spectral lines of hydrogen
~ are observed, i.e., the string interacts with the walls of the discharge chamber, ete., The maximum cur-
rent disturbance amounts to 0.5~1 kA at the boundary of the string.

The instability becomes even sharper when the discharge current is increased further on.

However, it turned out that there exists a simple method to reach g < 3 without exciting macroscopi-
cal instabilities. When the discharge current is increased to values corresponding toq > 3in a stationary
discharge characterized by q < 3 (see Fig. 5f), a resonance discharge with m = 3 cannot develop into large
values, and a stabilization is reached at 3 > q > 2.

This technique of shaping the discharge current makes it possible to increase the maximum value of
the discharge current by 30 to 40%. - Though there are indications that discharge conditions involving a rising
current can be less favorable than quasi-stationary conditions for the thermal insulation of a plasma [4],
we consider it to be an important point that the magnetohydrodynamic instability at q = 3 is not a universal
instability in the case of a Tokamak system. An additional increase in the current causes an instability at
values as low as q = 2.

26

Declassified and Approved For Release 2013/02/25 : CIA-RDP10-02196R000300080001-3




Declassified and Approved For Release 2013/02/25 : CIA-RDP10-02196R000300080001-3

I,kA
100+
Cutside | Ly 2.5 IR ST o - e
4 " 2
43, FGAE N ' ILkA
rel.units WW o v o .
Inside i
W | ’
rel. unitsp o ) N )
- jT\ /L1\‘ : . Wit .25 50 1, msec
. o+ b , rel, units :
o)y i 0 !

P © 180 deg

Fig. 6 Fig. 7
Fig. 6. Development of the disturbances when q is reduced to 2: a, b, ¢, d) the function
f(¢) at various times of the discharge development: a) m =4; b) m =3; ¢) m = 2.

Fig. 7. Development of the disturbances in the initial stage of the discharge: 1) m = 6; 2)
m=5;3)m =4, )

Disturbances of the Plasma String at q = 2, Figure 6 shows an oscillogram of a quantity which is pro-
portional to the product of the current, times the displacement of the string (JA) for the case of a secondary
current increase; the figure displays, in addition, an oscillogram of W(t) [6]. The development of the dis-
turbances in dependence of ¢ of the corresponding correlation functions is shown in the figure for four char-
acteristic moments of time.

In this case, the stabilizing magnetic field had a strength of about 23 kOe, and the rate of increase in

the discharge current was chosen so that q decreased to 2 near the current maximum. The curves show

that disturbances with m =4, m =3, and m = 2 are excited in succession during the discharge process.
However, while disturbances with m =4 and m = 3 are relatively easily suppressed when the current in-
creases, a strong "disruptive" instability occurs during the development of the disturbance with m = 2 [2,
7], and a breakup of the plasma string is the consequence. A correlation analysis of the structure of the
powerful disturbances arising on that occasion (see Fig. 6d) reveals that the disturbances are practically
unrelated and have a relatively small size. The transverse disturbance dimensions are less than several
centimeters. Interestingly enough, similar to the regular disturbances with m =2, m =3, and m = 4, the
disturbances mentioned above increase from the inner enclosure of the toroid toward the outer toroid en-
closure. ‘

At the present time, we are unable to relate the disturbances with m = 2 to the "disruptive" instabili-
ties. But there is reason to assume that the development of the disturbances with m = 2 is more closely
related to processes determining the macroscopic state of the plasma string than are the disturbances with
m = 3. First, contrary to the disturbances with m = 3, the development of the above-described disturbances
is accompanied by an additional outward shift of the entire plasma string (see Fig. 6; AJ curve); second, an
increase in the growth rate of the discharge current by a factor of almost 2 changes only the time at which

the disruptive instabilities start,and shifts that time toward the start of the discharge without suppressing
the disturbances with m = 2.

Higher Mode Instabilities Arising in the Initial Stage of the Discharge Development. First results of
a correlation analysis involving the angle y were published in [4]. It was stated in [4] that under certain
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discharge conditions a noticeable group of disturbances with n = 2 to n = 4 cannot be observed near distur-
bances with n = 1. When one assumes the disturbances to be of the resonance type (m = qn), the surface of
the plasma string must split into a large number of small bands. :

In the current series of experiments, which differ from previous experiments only in the larger dis-

" charge currents and slightly increased dimensions of the plasma string, it was established that similar dis-
turbances are usually small compared to the main disturbances with n = 1. The transition region of the
main disturbances is the only exception; in this transition region, the disturbances can be boosted or attenu-
ated. One must therefore assume for resonance disturbances that their mode m must be close to q at the
boundary of the plasma string,

Figure 7 shows, in polar coordinates, curves W(g) recorded for three times at a stabilizing discharge
current of ~80 kA [as distinct from the usual case (see Fig. 3) it became therefore possible to increase to
some extent the initial stage of the discharge]. The times had been chosen so that the amplitudes of the dis-
turbances had clear maxima at particular times.

One can conclude from the curves that regular disturbances with m =6, m =5, and m = 4 develop in
succession when the discharge current is increased. Since the values ascribed to these disturbances are
almost equal to the corresponding q figures near the boundary of the plasma string, one is led to the con-
clusion that these disturbances, as well as the disturbances considered above (with m =3 and m = 2), are
of the resonance type.

However, these disturbances differ greatly as far as their behavior and influence upon the macro-
scopic characteristics of the plasma string are concerned. In contrast to the disturbances with m = 3, the
disturbances with m = 4 are suppressed under the conditions ruling in a quasi-stationary discharge. This
effect may originate either from the narrowness of the plasma parameter region, in which the development
of the corresponding instabilities is possible, or from the generation of certain stabilizing factors during
the discharge process. According to [8], a sharpening of the distribution of the discharge current density

j(r) during the discharge and the increase in the electric conductivity due to plasma heating can have a sta-
bilizing influence.

It is not possible at the present time to point to a definite stabilizing mechanism which could be re-
sponsible for the suppression of the disturbances with m =4, One can only say that a stabilizing effect re-
lated to the sharpening of the current distribution during the discharge process (i.e., an actual decrease in
the radius of the plasma string) must compete with the destabilizing effect caused by the corresponding de-
crease in q on the plasma boundary, This effect would explain the fact that at g = 3, the development of
disturbances with m = 3 begins usually in the center section of the discharge (see Fig. 3 and.5b) where the
distribution of j(r) is sharper than in the formative stage of the discharge [4].

On the other hand, the sﬁppression of disturbances with m = 3 in a rapidly increasing discharge cur-
rent seems to indicate that a stabilizing mechanism related to the heating of the periphery of the plasma
string plays a very important role under the experimental conditions described.

If this is the case, an additional heating of the boundary regions of the plasma may cause a stabiliza-
tion of the resonance disturbances with m = 2,

In conclusion, the authors express their gratitude to L. A. Artsimovich, V. S. Mukhovatov, and V.
D. Shafranov for useful discussions, and to K. A. Razumova for her interest in the work,

The authors acknowledge the assistance of A, M. Anashin, A, V. Glukhov, A, V. Dedyurin, S. Ya.
Dugin, A, I. Nikonorov, and V. G. Shein in the experiments.
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SELFACCELERATION IN INTENSE ELECTRON BEAMS

L. N. Kazanskii, A. V. Klsletsov, ' UDC 621.384.6:621,3,038.624
and A. N. Lebedev S )

At present direct-action accelerators have been developed by means of which one can obtain electron
beams of short duration (of the order of 10~% sec) with currents of tens and hundreds of kiloamperes [1].
Under these conditions the maximum particle energy is limited by the possibilities of creating a high pulse
voltage and lies in the range of several megaelectronvolts, which is too low for certain applications of such
beams. The use of traditional methods for the subsequent acceleration of high-current beams, even to low
energies (10 to 20 MeV), is linked with the solution of complex. physics and engineering problems. However,
in many cases methods of subsequent acceleration could turn out to be acceptable if they were connected with
the reduction of the integrated beam charge while preservmg or shghtly reducing the instantaneous value of
current and total energy of the beam.

In this connection it is of interést to use passive elements which are such that interaction of the beam.
with them results in a redistribution of energy within the beam (i.e., a portion of the particles is accelerated
at the expense of the energy of the remaining ones). This process of selfacceleration may be repeated often
for the same original particle bunch (i.e., a cascade connection of passive elements is possible which as-
sures selfacceleration of the beam at the expense of a reduction in its intensity).

As an example of the method indicated let us consider the
f 2 /:,zr scheme shown in Fig, 1a, where 1 is a métallic waveguide with
7 q / 7 I a built-in short-circuited line having a hollow central conductor
— 7 _ 2; I is the length of the line; p is the wave impedance; v is the
| propagation velocity of waves in the line.” A bunch of relativistic
electrons 3 having a pulse length ty with an energy W and a cur-
4 .rent I, passes through the system. If the length of the line is
a 1 =0.25t,v, then at the instant at which the bunch reaches the
! ) cross section A— A a voltage Uy * appears at the input of the
t line; this voltage has the form of a bipolar pulse (a randomly ini-
I tiated modulation pulse) having the amplitude wpl, (o is the coef-
ficient of coupling between the beam and the line). The voltage
. at the input of the line decelerates the particles in the front half
! - of the beam down to an energy (W— aplje) and accelerates the
63tp 5t Plpdt particles in the second half to energies (W + aplje), where e is
t the electron charge (see Fig. 1b). In order to avoid breakup of
Plgat the beam at the input of the line, it is required to choose p < W
/Iyea. Thus, in the section considered it is possible for the
energy of one half the beam particles to be increased by approxi-
mately a factor of two. If the accelerated particles are isolated,
l :'"“""'"'W'g“‘ W+lppoie , then the process may be repeated; this produces a quadrupling
t of energy at the expense of a further reduction of the pulse length,
ete.

Fig., 1. The process of selfaccele~- * The formation of the voltage U, across the line is equivalent
ration in a waveguide containing a * to the formation of a voltage pulse at the input of a short-circuited
short-circuited line, "~ line when a pulse from a current source is applied to it [2].

Translated from Atomnaya Energiya, Vol. 30, No. 1, pp. 27-31, January, 1971. Original article sub-
mitted February 20, 1970.
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Fig. 2. The redistribution of the energy along the length of the bunch: y =6,

a/R=1,d/R=1, LL/d =10, The wavelength of the fundamental excited mode
(m =0, n=1)is A/d = 2.58.

>

Fig. 3. Dependence of the impedance AW/el, on the relative beam radius a/R
(d/R=1):1) y=3;2) vy =6.

Other passive elements may also be used for selfacceleration of a beam. The passage of a relativistic
bunch through a cylindrical resonator having a length d and a radius R is considered below as an example.
Unlike [3, 4}, in which only the total energy losses of the bunch due to excitation of the resonator were esti-
mated (here the radiation spectrum was «cut off fairly arbitrarily), one should be interested in the redistri-
bution of the energy along the length of the bunch with allowance for excitation of higher resonator modes
and the action of the Coulomb f1eld of the beam. From these results one may also obtain the total energy
losses.

The problem' is solved in the stipulated-current approxilnation; i.e., it is assumed that the velocity
v of the charged particles is constant, while the current is uniform over the cross section and has a radius’
a and a maximum value I;. For the Fourier components of the current one may write

i@ N=25%h(©, e, (1)

where ey is the unit vector in the direction of the longitudinal axis of the resonator, while the function f; (e,

z) considers the time and space dependences of the current.

Since the dependence of the current on time and on the longltudlnal coordinate can be descrlbed by the
function f; (z — vt) = f, (), it follows that '

)

fo (m 2) = Y fo(z—vt)e—tut gt ——e — "fo (o), (2)

where

fo(0) =5 \ h®)e s dE.

In order to determine the fields excited by the bunch ‘the method of eigenfunctions is used {5]. The
electric field is split up into the potential part E! (rot EZ = 0, El = V&) which has no resonance properties,
and the induced part Et (div Et = 0) which does have resonance propertles .These fields are respectively
expanded in scalar &, and vector E, eigenfunctions: '

E= Z(AGE +Aav(Da)v SR . (3)

where o denotes the number of the exclted mode (in general, o represents three indices).

After transit through the resonator, a particle 51tuated at a distance x from the beginning of a bunch
having the length L and at a dxstance r from the axls of the buneh recewes an energy

o o d . R ) :
AWo (@, =e | Ealros,00az - 4)
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Fig. 4. Dependence of the impedance AW/ el, on the relative resonator length
d/R(L>R, L>»d):1) y=3;2) y=6;3) y =10,

Fig. 5. Dependence of the impedance AW/ el on the relative energy of the
beam: 1) d/R =1.4; 2) d/R = 1; 3) d/R = 0.6; 4) d/R = 0.4.

from the @-th mode; here E;q (r, z, t) is the longitudinal component of the electric field of the w-th mode.
Instead of t it is necessary to substitute the time at which a particle situated at the distance x from the be-
ginning of the bunch reaches the point z: t = z=x/v; using the eigenfunctions of a cylindrical resonator,
carrying out the inverse Fourier transformation, integrating in (4) with respect to z, and substituting t =z
-x/v, we obtain

a
oo oo 4108-—6,” ._7‘ (pn?) To (Mn%) o«

- , £ 5Y.
AW(x’ r) Zi 2 n2vi Mn'Jf(l-Ln) 5 fo (d)(D(v)d (d) ’
n=1 m=0 R —00
9%
5 2 m=%0,
'"2{ 1 m=0;
c>(v)_=Y(v>—Mn vHD+Y (v—1));
Q (B2020% 4 12m2Q2 — n2m Q%) oY 40
Y (v)== S B, (OF —02) (2 .:nzmz)z ;
wd | __gd | v, _t—=z
Q=73 Qu==0 P=13 v="g—, (5)

where pp is the n-th root of the zero order Bessel function; w are the natural frequencies of the resonator
2

wa—cz(#n/R2+1rm2/d2)forn-1 2,3...;m=0,1,2.

The integral in the expressmn for Y(v) is taken with bypassing of the poles of the integrand expression
lying on the real axis from below, all poles of the integrand expression being situated above the integration
path, If v < 0, then the integration contour should be closed in the lower half-plane [6] where there are no
poles, so that Y(v) =0 for v < 0. For v > 0 the integral is proportional to the sum of the residues at the
point O = £ Qy, @ = + Tm. After integration, we obtain

for v>0, (6)
0 for v<<0;
n2m (n2m?—Q%v?)

— Fvsin umv -}~ F; (cos umv — cos Q. v)
Y (v) {

- Fi=— m
2aQ2 . N 14
Fo=om—myps V=10

Now one may write the following for the nucleus & (v):
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s F;c03Qv{cos wm -cos Qg — 1)
for v>1;

: 1— '
Fysinnmv —Av—[-{— F, [% cos imv — cos Qv

D(v)= g coszn'cm c0s 9, (v 1)] . ) o
_ or. 0<v
Fysin umv ilzlv—l—— %2- [cos mv — cos im cos Qq (V- 1)]

foor —1<v<0.

Equation (7) describes the contribution made to the energy of the given particle by a field created in
the resonator by particles which have traveled ahead by a distance larger than d(v. = 1), ahead by a distance
d(0 = v = 1) and behind by a distance d(—-1 = v = 0),

Let us assume for simplicity that the bunch has a rectangular distribution, i.e.,

1L <X <o
n(%)z{ T

| 0250 e L.

Let us integrate the kernel of & (v) with respect to £/d for 0 =x/d < L/d, and let us carry out numer-
ical summation over the longitudinal modes (i.e., with respect to the index m) and transverse modes (with
respect to the index n). The results of the calculation for particles which have traveled along the resonator
axis are shown in Figs, 2-5 for various values of the parameters d/R, a/R and y. The increment of ener-
gy acquired by the particles after passing through the resonator can be characterized by the effective impe-
dance in ohms, i.e., by the quantity AW/el,(r, x, d, R, @, 7).

The pronounced periodicity of the energy modulation with the period of the fundamental oscillation
mode (m =0, n = 1), which has a specific effect, is characteristic of the version given (see Fig. 2). Such
a picture is characteristic, of course, only for long bunches whose transit duration exceeds the period of
the fundamental mode. At the beginning and end of the bunch the Coulomb fields and transients play an im-
portant role (i.e., the higher modes are especially essential for short bunches). When the relative beam
radius a/R is decreased, the impedance AW/ el increases (see Fig. 3)., This can be explained by the fact °
that the electric field of the fundamental mode is maximal on the resonator axis. Consequently, the effect
of the field on the beam increases as the beam becomes thinner, the meedance AW/ el; remaining finite as
a tends to vanish,

As is evident from Fig. 4, the function AW/ el, depends essentially on the ratio between the resonator
length d and its radius R. When d/R increases, the effect of interaction between the field and the particle
decreases, since the difference between the particle velocity and the phase velocity of those field compon~
ents with which the particle interacts takes effect. On the other hand, for a stipulated bunch length L/d
the ratio d/R cannot be very small, otherwise the longitudinal field of the excited fundamental mode does
not have time to change its sign on the resonator axis during the time required for the bunch to traverse
the resonator, and the selfacceleration effect will be absent (to a certain extent the case R — « corresponds
to radiation departing along a radial line). Evidently, the case in which the acceleration time of the bunch
is equal to one~half the period of the fundamental mode will be close to optimal.

From Fig. 5 one may conclude that the dependence of the selfacceleration effect on the energy of the
particles is insubstantial for v > 1.

As follows from the results obtained, the effect of selfacceleration in a cylindrical resonator may be
quite considerable. Thus, in a bunch having an initial energy of the order of 3 MeV and a current of 10° A
a considerable portion of the beam may have an energy of 4.5 to 5.5 MeV after passing through one resonator,
while the energy may be increased up to tens of megaelectronvolts after passage through a chain of resona-
tors.

In touching on the prospects for a substantial increase in energy it should be noted that a eylindrical
resonator is merely the simplest (and far from the optimal) element for achieving a redistribution of energy
within a bunch. From the practical standpoint it is of interest to determine a structural design for self-
acceleration which is such that the energy of the largest possible number of particles may be entirely trans-
ferred to a comparatively small portion of the beam in the structure,
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SOME RESULTS OF OBSERVATIONS OF UNDERGROUND
NUCLEAR EXPLOSIONS

V. N. Rodionov and V, M. Tsvetkov UDC 621.039.9

The mechanical effects of an underground nuclear explosion can be described, on the one hand, by
parameters of the waves generated, and on the other hand, by the dimensions of the regions of irreversible
deformation of the medium: the cavity volume and the size of the pulverized zone and the ejection crater,

It is an extremely difficult matter to determine experimentally the maximum volume of the cavity,
which is appreciably different from the final volume [1], and also the dimensions of the disintegratic()n zone.
However, .these parameters are the most important for evaluating the energy liberated in the seismic wave.

It is very important to use information contained in the compression waves in the immediate vicinity
of the disintegration zone to determine the parameters of irréversible deformation of the medium in under-
ground explosions.

1. Results of Observations of Ekplosions in Rock Salt

We consider experimental results obtained for explosions in rock salt, which have been investigated
most completely., The literature has reports of two.American explosions in salt: "Salmon" [2, 3] and
"Gnome" 4], Data is given below, also, on one explosion in salt conducted in the Soviet Union.’

The main param'eters of all three explosions are given in Table 1, where they are arranged in dimin-
ishing order of energy released. Table 1 also gives the volumes of the cavities formed by the explosions,
_which were measured after a considerable delay (roughly a month) following the explosion.

Rock salt has quite high uniformity, and in all cases has approximately the same mechanical prop-
erties: density p = 2.15 g/cm?; longitudinal wave speed ¢ = 4.5 km/ sec; Poisson ratio v = 0.25 to 0.32. The
strength of rock salt has not been measured in the natural seam condition. Laboratory crushing tests of
salt specimens give a value of ~400 kg/cm?.

The most complete data on the mechanical effect of an explosion in salt were obtained in the Salnfxoh
explosion. Figure 1 shows values of the maximum mass velocity as a function of distance, obtained in the
Salmon explosion, described by the formula

1/3, 1.6 . »
Umax= 10 (E—r:) . . : : (1)
The maximum displacement in the compression wave (Fig. 2) can be approximated by

TABLE 1. Basic Parameters of the Explosions

Explosion num -

Explosion energy

[Explosion depth,

|
Conditions of the

Final volume
of cavity, V,

ber E.ktons of TNT th, m explosion thousands of m®

1 (Salmon) 5.3 8928 In a bore 20

11 (Gnome) 3.5 360 In a chamber of 23
volume 30 m®

11 1.1 160 In a bore 10

Translated from Atomnaya Energiya, Vol. 30, No. 1, pp. 31-36, January, 1971. Original article sub-
mitted August 1, 1969; revision submitted December 11, 1969. '

© 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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. Fig. 1. The maximum mass velocity of the medium as a function of distance: O) explosion ;
- I; +) explosion III; ) calculation from Eq. (1); -~~--~) average relation for explosion II, :

from Eq. (3).

Fig. 2. Medium displacement as a function of distance: O, A, +) maximum displacements
for explosions I, II, and III, respectively; ®) residual displacements for explosion I;
relation calculated from Eq (2); ==~~~ ) calculation according to section 2.

)

iy
Vmay = 1.35E"/3 (E 3)“*. (2)
Here E is the explosion energy, kllograms of TNT ris the dlstance from the explosmn center, m; vpyax
is the maximum mass velocity, m/sec; umax is the maximum d1splacement mm,

Numerous measurements of the res1dua1 displacement were made in the Salmon explosion, In spite
of the large scatter in the measured values, these data are of very great interest; they are shown in Fig. 2.

Experimental data obtained in the other two explosions are also shown in Fig. 2, They come close to

at the same reduced distances is somewhat less:

EY3\ 1.6
Vmax = 8 (—;—’) .

(3)

The volumes of the cavities (see Table 1) reduced to 1 kton TNT are appreciably dlfferent for all three
explosions.

2. The Compression Wave and the Medium Behavior OQOutside

th‘e”Disintegration Zone

The amplitude of the compression wave, which can be evaluated from the formula
V Omax = P¥max®

at distances r/ E!/3 5 1 has a value less than the stresses disintegrating the medium, and it must therefore,
apparently, be described using equations of the theory of elasticity,

However, it is easy to observe considerable diiferences between the compression wave recorded and
an elastic wave: attenuation of the displacement velocity with distance occurs considerably faster (1/r!-6)
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TABLE 2. Parameters of the Medium at
the Boundary of the Disintegration Zone

than it would be in a completely elastic medium; the resi-
dual displacements vary with distance (see Fig. 2) also

Explosion num - w@®y, | O% somewhat faster than 1/r?, and therefore, there is an ir-
ber o,msec | Rp-™ | P _~kg/cmz reversible volume compression in the compression wave;
' the rate of propagation of the maximum amplitude of the
I 23,5 180 220 600 compression wave is somewhat less than the rate of pro-
gl : %25 ig? }gg g’gg pagation of the leading edge. It is important to establish
: the above interrelated signs of the appearance of non-

elasticity of the medium.

We assume that a solid medium is completely elastic and identical, both within the zone encompassed
by the compression wave, and outside it, We suppose that only at the front of the wave is there a small ir-
reversible condensation upon compression, proportional to the amplitude, such that the rate of propagation
of the wave front differs by a small amount from that of longitudinal waves. To simplify the calculations

we consider that at some surface of radius Ry, we assign a displacement, increasing with time and tending
to a certain limiting value:

B L ,
U, Ro)={1?(‘_e eizgts , @
0, t<0.

We determine the origin of the motion in a completely elastic medium. For a spherically symmetric case
the displacement potential has the form

o=1/@®, t=t-""0, (5)
From the given function U(t, Ry) we find |
| | Aomod |
f(§)=—B[1-—1—&+°f_&]. v - ®
<0 0

The rate of displacement v is determined by the expression

1f the wave front propagafes with velocity cg, less than that of elastic waves ¢, the motion of the elas=-
tic phase can be expressed using the potential: '

T ®

The appearance of the function f, is linked to the fact that the wave front is not a characteristic of the equa-

tion of motions, and therefore the front will influence the whole motion. Functions f; and f, are related by
the condition at the wave front

RGP 1@, iEp O _

u(t, Ry= — A "W B = 0. . (9)
Here
g = Rf:Ro B
P Bl — Ro =%Ef; ' : (10)
="
Ri— Ry—=cqt
After transformation of Eq. (9), we obtain ,
(E+2) i@ —2. @ = (E+2) £ (B) +1 (B) - Can

Hence it can be seen that for g « 1 the function fz(g ) is determined over a wide range of variation of
its argument, as long as the behavior of the function fi(£) in the neighborhood ¢ = 0 is known. This fact
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enables us easily to construct a solution by the method of successive approximations. Taking the solution

of the problem for a completely elastic medium (cf = ¢) as a basis, and expanding f;(£) and f '1(£) in a series
near ¢ = 0, we can obtain an equation for determining f2(§ ). The solution of this equation is quite laborious,
and we do not give it here. Then, knowing f,(¢), we can determine the form of the function f;(£), using Egs.
(4) and (8) with r = Ry, where & = ¢ =t, The functions fi(¢) and f2(§ ) thus obtained are first approximations,
Calculations according to the scheme were carried out for the conditions of explosion I (Salmon), and it was

assumed: a) 8 = 0.1; b) R, corresponds to the point r/Ei/3 =1of Fig. 2; ¢) Ry/c6=1.7; d) B = Rgu(Ro).

As the calculations presented have shown, propagation of a front with a speed ¢f. = 0.9¢ leads to atten-
uation of the velocity amplitude with distance according to the law ~1/r!*4. This attenuation is close to that
observed in the experiments. The calculated values of the residual displacements are also in quite good
agreement with the experimental data. The dotted line on Fig. 2 shows the calculated relation. The dura-
tion of the compression wave (time to move from the center of the explosion) is

r+:1.2fc£, r=>2R,. (12)

From what has been said, we can evidently consider that the various indications of inelastic behavior
of the medium during propagation of the compression wave can be considered as a consequence of energy
dissipation in a narrow spherical layer near the front. The ratio of the speeds of propagation of the maxi-
mum amplitude to that of elastic waves can be taken as a parameter describing the degree of non-elasticity
of the rock.

3. One Method of Searching for the Boundary of the

Disintegration Zone

It follows from examination of Fig. 2 that there are at least two zones which differ in quality as re~
gards the nature of the motion, at distances r/ Ei <1 (where r is in meters, and E is in kg of TNT)the
maximum and the residual displacements coincide, and for r/ EY/3 51, following a displacement, a dis-.
placement fowards the center of the explosion is observed. It is natural to assume that this qualitative dif-
ference is linked with disintegration of the medium in the r/E /3 < 1 zone. In fact, when disintegration of
the medium occurs, the return motion can be due only to stresses at the outer boundary of the disintegrated
zone, since the azimuthal stresses ¢ = 0y in the disintegration zone are compressive. On the other

. hand, in the zone of elastic or almost-elastic deformations,. radial displacement leads to the appearance of

tensile azimuthal stresses, which tend to return the medium to its original state after the wave passes,

Hence it follows, in particular, that cracks of relatively small extent, associated with shear defor-
mation, should be observed in the disintegration zone. The formation of isolated radial cracks of large ex~
tent is possible only outside this zone.

A laboratory experiment [1] has shown that considerable displacement towards the center and in the

. disintegrated medium are possible under the action of elastic stresses o, at the outer boundary of the dis-

integration zone, However, these displacements take place comparatively more slowly than in the expan-
sion of the cavity, since the stored elastic energy is an order of magnitude less than the explosion energy.
These slow motions were not recorded by.the instruments, since they had a restricted recording time.

Thus, we shall take the boundary of the disintegration zone Rp to be a spherical surface on which the
residual displacements first reach their maximum values (if the displacement is from the periphery towards
the center). In other words, at this surface the rate of radial displacement is only positive. It is a pity
that direct determination of the boundary of the disintegrated medium from experimental data was possible
only for the Salmon explosion. In the other cases either no measurements of residual displacement were
conducted, or they were not sufficiently reliable,

For this reason the following method is suggested for seeking the disintegration boundary, The solu~
tion of the problem of propagation of a wave in an almost elastic medium, discussed in the previous section,
allows us to relate the radius of the disintegration zone or the zone of elastic deformations Rp, assumed
equal to Ry, and the duration of the positive phase of the compression wave 7., by Eq. (12). However, it is
convenient to use a parameter related in meaning to the parameter § which is determined as follows:

g—-_res._ Vmax
Umax  Ymax

(13)

1

Since forr = Rp the residual displacements have the maximum values,
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Ures™ Umax-

" The experiment shows that the maximum velocity and the maximum displacement vary with distance
according to a single law, This means that the parameter § can be found from the measured values of v, .
and up .. at any distances r > Ry, from the explosion center. Knowing the parameter 6 from experiment,
we find the radius of the disintegration zone, For the Salmon explosion the size of the disintegration zone
thus calculated agrees with the value corresponding to the point of intersection of the maximum and residual
displacements. Knowing the size of the disintegration zone and the medium displacement at r = R, we can
also calculate the strength of the medium ¢* = = orr|r = Ry using an equation from elasticity theory.

The values of o* computed (see Table 2) are close, in order of magnitude, to the strength of rock salt,
for axial compression of specimens. The somewhat lower strength value in the Gnome test may be con-
nected with certain specific properties of the salt mass, Another non-trivial explanation is possible. We
assume that disintegration of the rock salt occurs when a certain limiting shear stress ¢g is reached. Then
the condition for disintegration at the boundary of the elastic region can be written in the form

Orr— Ogop = — 0.

In an elastic medium the relations for radial and azimuthal stresses
1
Ogo = — 5 Orr

must be satisfied. Taking into account the rock pressure pgh, we obtain

O = 20 ogh;
rr——'_g' s ’
| } (14)
Ogp =5 Os—Pgh.

It can be seen from the last expression that the azimuthal stress decreases with depth, and changes
from a tensile stress to a compressive one, We can therefore assume that at small depth, disintegration
of the medium begins with the formation of radial cracks, and only then does pulverization occur. However,
at large depth there is no preliminary rupture of the medium by radial eracks. This means that in the ex-
plosion, at a small depth, at the boundary of the disintegration zone, the other conditions

Ogo=0 and 6;,= —0;
are saﬁsfied, which also explains the observed variation of ¢* with depth.
Assuming that radial cracks at the boundary of the disintegration zone are formed only as a result of

explosion III, we can determine the average value of og = 520 kg/cem? from the first two explosions,

4, Absence of Compaction of the Medium in the

Disintegration Zone

Knowing the size of the disintegration zone and the displacement at its boundary, we can determine
the volume displaced in the elastic region:

V =4nR%u (Ry).

Using values of Rp and u(Rp) shown in Table 2, we calculate the displaced volume, It turns out to be
several times larger than the measured final cavity volume (Table 3).

This effect can result from two causes. First, as the laboratory experiment showed, the cavity can
be compressed under the action of stresses at the outer boundary of the disintegration zone. The cavity
volume was measured a long time after it was formed, so that,. in fact, the maximum cavity dimensions
are not known at the time for which the displaced volume was determined. Secondly, one cannot exclude
the possibility of reduced compression of the medium in the disintegration zone, since the deformations are
large, and the stresses compressing the disintegrated medium are comparable in order of magnitude with
the limiting stress. The absence of compaction of the medium in the deformation process was shown ex-
perimentally in investigating an explosion in sandy soil [5]. This effect: was also noted in laboratory inves-
tigations of rock specimens during their disintegration [6]. : '

Simple estimates allow an explanation of the part played by each of these processes.
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TABLE 3. Comparison of the Maximum and Residual Cavity Volumes with
the Displaced Volume

Explasion Displaced vol - |Final volume, Opp == 20 Gy = g = — T
numbe ume, V, thou- |Vy, thousands
' sands of m® of m® Vmay, thou- Vmax, thou-
sands of m3 ¢ sands of m3 ¢
1 ' 90 - 20 2 | 02 50 0,55
11 65 23 23 0,35 31 0,48
111 o 20 10 4.5 0,25 10 0,50

It follows from the results of {1], that the maximum cavity volume Vmax 18 determined by the explo-
sion energy and the strength and elastic properties of the medium:

PmaxVmax="nE, (15)

where 7 is the fraction of the explosion energy going to form the explosive cavity; the quantity n is approxi-
mately constant and equal to 0.6, both for brittle disintegration and for plastic flow; pp,, is a characteris-
tic depending on the strength and elastic properties of the medium. It corresponds to the minimum pres-

sure capable of crushing (or plastically deforming) the surrounding medium, and collapsing the cavity walls.

At the same time p,,, is the maximum pressure which can be sustained in a cavity surrounded by pulveri-
zed rock.

For the case of Coulomb friction (oyy = 20 q)(p) we have

4 Yy
- nR? ] 3
3 ™
Pmax=0'*[ Vmax (16)
For the case of plastic flow (o= 0y = = 05) We have
S aRrs

2 3 ™ :

Pmax = —Grr+—3-031n —T/—r—l’]?] . (17)

Here opy is calculated, taking into account the rock pressure from Eq. (14).  Equations (15)-(17) have been
used to calculate values of the maximum cavity volume shown in Table 3. Table 3 also shows the quantity
o, equal to the ratio of the maximum cavity volume to the displaced volume, which describes the condensa-
tion of the medium in the disintegration zone (or plastic deformation zone).

Table 3 shows that use of the Coulomb law (opp = 20 ) to describe flow of crushed rock salt leads
to a contradiction with experimental data. For example, for explosion IfI the maximum cavity volume is
considerably less than the final volume.

The results obtained under the assumption that the salt behaves, beyond its strength limit, as a per-
fectly plastic material, appear more plausible, A comparison of the cavity volumes (maximum and final)
shows that the cavity compression is larger, the deeper is the explosion center. It is not possible fo esti~
mate conditions for the appearance of motion of the medium towards the center, nor the extent of this pro-
cess, from the available experimental data. We can only assume that the compression occurs quite slowly,
so that redistribution of stresses can occur under the action of the rock pressure in the medium, as time
passes.
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REVIEWS

METHODS OF STUDYING NUCLEAR STRUCTURE

V. G. Solov'ev ' UDC 539.14

Works on nuclear physics have two objects: the study of nuclear structure as such, and the study of
elementary interactions manifesting themselves in nuclear properties. We consider problems related to
the study of nuclear structure. .

The study of the atomic nucleus is of fundamental scientific interest, This is true for two reasons.
The first has to do with the exceptionally important role of atomic nuclei in nature, as appears particularly
clearly in stars where nuclear transformations play a decisive role. The second reason is that the study
of an elementary interaction between two particles gives inadequate information on the properties of these
particles; more complete information can be obtained from the study of systems of strongly interacting
particles such as nuclei.

An atomic nucleus is a very complex system characterized by a large number of degrees of freedom.
Many different experimental procedures based on physical processés involving strong, electromagnetic, and
weak interactions must be employed to study nuclear structure.

The construction of a nuclear theory is beset with great difficulties because of the necessity of des-
cribing a finite system of strongly interacting particles in the absence of a series expansion parameter.

‘ Simple models were sought in the early stages of the development of nuclear the€ory. - Then instead of
simple models various approximate procedures were used to take account of the forces playing a decisive
role in the study of particular nuclear properties.

In modern nuclear theory the many approximate methods used are conventionally divided into three
types: phenomenological, semimicroscopic, and microscopic.

In the phenomenological description of the structure of complex nuclei collective coordinates are in-
troduced to characterize the departure of the nuclear shape from sphericity, and the excitation of the nucle-
us is related to the rotation of the nucleus as a whole and to oscillations of the nuclear surface [1]. In such
a description each nucleus is characterized by several parameters. The excitation energies of states, their
multipole moments, and the probabilities of electromagnetic transitions are expressed in terms of these
parameters. The values of the parameters for each nucleus are determined from appropriate experimental
data. Serious limitations and faults are inherent in such a purely phenomenological description.

The semimicroscopic description is based on the selection of an effective nuclear interaction, In the
semimicroscopic description the interactions among nucleons in the nucleus are separated into two parts;
the average field of the nucleus and the residual interactions. The average field is that nuclear potential
which is produced by all the nucleons in the nucleus. A large collection of experimental data obtained in
the study of a-, 8-, and y-spectra and nuclear reactions is used to determine the parameters of the aver-
age field potential. The residual interactions include the forces not contained in the average field. The
residual interactions play a very important role in the nucleus and vary monotonically and slowly from nu-
cleus to nucleus. They are not small and cannot be taken into account by perturbation theory. The average
nuclear field plays a very large role; it determines many nuclear properties directly and in addition con-
trols the residual interactions; i.e., it permits the effect of the nuclear forces to show up to some extent,
Thus the average field determines specific properties of each nucleus and is responsible for variations in
many properties from nucleus to nucleus.

Translated from Atomnaya Energiya, Vol, 30, No. 1, pp. 37-43, January, 1971. Original article
submitted May 12, 1970, '

© 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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126 A form for the residual forces is chosen from an

p-———— e — — ] analysis of nuclear spectra, and various properties of
BN a group of nuclei are calculated. As a result of these
)3// jQ/ calculations some of the experimental data are explained

and certain predictions are made., The effective forces
have many different components and the existing experi-
mental data permit a determination of only part of them.

Proton number
=
N N ; N
) \\ :
V)
W
N
\\
N
N

50 s —F ba
. / /6 . L~ New experimental facts permit the refining of the
-28 // // = .- effective forces. New calculations are then performed,
20 . - 4o o
4 ) etc. The semimicroscopic theory claims to describe
' relative rather than absolute nuclear characteristics.
0 2% W0 82 126 184

For example it permits a calculation of the energy of
Neutron number _ an excited state but not the total energy of the nucleus,
Fig. 1. Neutron - proton diagram of atomic
nuclei, The banana-shaped figure denotes
the region of known nuclei. The ovals 1-4
are regions in which the deformation energy
is greater than 2 MeV. The dashed lines .
denote zero separation energies of a neutron The semimicroscopic theory which takes account
and a proton. of the average nuclear field, interactions leading to pair

correlations of the superconducting type, and multipole

- multipole forces is called the superfluid model of the
nucleus [7-12]. It has been possible to obtain a rather good description of low-lying excited states of inter-
mediate and heavy nuclei within the framework of the superfluid model, An interesting approach evolves
from the theory of finite Fermi systems [13].

Advances in the semimicroscopic theory of the
nucleus are linked with the extensive use of mathemati-
cal methods developed in the theory of superfluidity [2],
superconductivity [3-5], and a Fermi liquid [6].

The microscopic description uses experimental data on nucleon — nucleon scattering to calculate such
fundamental properties as the density of nuclear matter and the binding energy of a nucleon in a nucleus.
Development in this direction encounters grave difficulties. Thus nucleon — nucleon scattering yields only
part of the necessary data — the values of the functions on the energy surface, when the momenta of the two
initial and the two final particles are related by the laws of conservation of momentum and energy. Since
the nucleon —nucleon potential is complex and not unique, it is necessary to use certain effective potentials
in the calculations, and this reduces the attractiveness of the method from the logical point of view.

Rapid progress in the development of calculational techniques stimulated an extension of the micro- q
scopic method to more complicated nuclei and to calculations of nuclear spectra.

Nuclear structure studies are extending in two directions: the measurements of characteristics of
ground states and higher and higher excited states, and a broadening of the range of nuclei studied by moving
from the g-stable region toward superheavy elements.

Nuclear structure cannot be understood by studying a few nuclei. Many characteristics of even—even
nuclei differ from those for neighboring odd — even or odd — odd nuclei. The structure of light nuclei differs
from that of intermediate and heavy nuclei, The structure of deformed nuclei is very different from that of
spherical nuclei, etc. Deformed nuclei differ greatly from one another. Thus in comparison with nuclei
in the 150 < A < 190 range the peculiarities of deformed nuclei in the actinide region manifest themselves,
for example, in fission. It is clear that it is impossible to study fission on the basis of the properties of ‘
the rare earth isotopes. While nuclei in the ranges 150 < A < 190 and 228 < A < 254 have the form of a pro- !
late ellipsoid of revolution, some of the nuclei in the ranges 50 < Z, N < 82 and 28 < Z <50, 50 < N < 82 pos~
sibly have the form of an oblate ellipsoid of revolution, etc. 1

The list of those nuclear characteristics which change from one nucleus to another could be continued.
However it is already clear that in spite of the fact that forces between nucleons are the same in all nuclei, J
nuclear structure differs, and it is impossible to investigate it without significantly broadening the range of {
nuclei studied.

The modern period of development of nuclear physics is a period of intensive collection of experiment- .
al facts, since the existing quantitative information on nuclear structure is still small. Figure 1 shows the
neutron — proton diagram of nuclei. Naturally occurring nuclei (with times appreciably larger than the
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Fig. 2. Scheme of excited states of spherical and deformed even—even nuclei, The
heavy lines denote ground states, one-phonon, and two-, four-, and six-quasiparticle

" states. The thin lines indicate multiphonon and rotational states; A = 2 denotes quad-
rupole, and A = 3 octupole states. The ground-state rotational band is shown on the
right-hand side.

nuclear time) must exist between the lines Bp =0 and Bp = 0; i.e., nuclei with positive separation energies
of a neutron and a proton.

It is clear from Fig. 1 that the region of nuclei observed experimentally comprises only a quarter of
all possible nuclei. Low-lying excited states have been studied in only about one tenth of the known nuclei.
The construction of particle beam mass separators of the Isolda type at CERN [14] and YaSNAPP at JINR
[15], and the wide use of heavy ion accelerators extend the range of known nuclei both by moving away from
the g-stable region, and by advancing toward superheavy elements. A very intense experimental search is
being conducted for the island of long-lived superheavy elements [16].

Studies of the characteristics of ground states and higher and higher excited states occupy a funda-
mental place in nuclear physics. Low-lying excited states are described within the framework of the semi-
microscopic procedure by means of quasiparticles and phonons. Rotational bands in deformed nuclei are
" built on ground, quasiparticle, and phonon states. Figure 2 shows schematically the excited states in even
—even spherical and deformed nuclei. The lower levels are of a collective nature and then the two-, four-,
etc., quasiparticle states occur. With an increase in excitation energy the interactions of quasiparticles
with phonons, the Coriolis interaction, and other forces complicate the structure of excited states,

Let us consider strongly deformed nuclei for example, S3- and y-spectroscopy and the results of (nvy)
and direct reactions have led to the following: 1) ground state and low-lying excited state rotational bands have
been studied and values of moments of inertia, quadrupole moments, and gyromagnetic ratios have been ob-
tained; 2) the energies of quadrupole and octupole states, and the magnitudes of B(E2) and B(E3) have been '
found; 3) spins I, their projections K, and parities = have been determined for a large number of levels. In
addition to these characteristics it is necessary to obtain more detailed information on the structure of the
states. It is necessary to determine sets of asymptotic quantum numbers [N, ny, A] for the quasiparticle
states and the component composition of the vibrational states, since the wave functions of the vibrational
states are superpositions of two-quasiparticle wave functions.

Let us consider how the asymptotic quantum numbers and the purity of the quasiparticle states can be
determined experimentally. The asymptotic quantum numbers can be reliably determined by «- and g-
spectroscopy for an allowed unretarded 3-decay and a favored o-decay. In the 150 < A < 190 region, how-
ever, allowed unretarded transitions occur only between two pairs of states, and in the 228 < A < 254 re-
gion they do not occur at all. The number of favored o-transitions is also small, Therefore the methods
of a- and p-spectroscopy give insufficient information on the asymptotic quantum numbers of the quasi-
particle states and practically no information on their purity.

Let us turn to direct reactions involving the transfer of a single nucleon. Table 1 shows the relative
intensities of the population of the 1/2~ [521] and 1/2~ [510] state rotational bands and the values of
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‘ TABLE 1. Relative Intensities and Values of (e, (241/2 3| K))* for Population in (d,
. A '
p) and (d, t) Reactions of 1/2~[521] and 1/27 [510] State Rotational Bands*
' Population of 1/27 [521] band levels Population of 1/27 [510]
band levels ]
Spin in (d,t) reactions | in (d, p) reactions in (d, p) react;ioné
T experiment } | experiment " experiment
theory| | |theory| i |theory i
] “1 1711Yb IISY'b l?ﬁYb» 159Gd | 181Gd 171Yb | 173Yb | 135YDb
Relative intensities at 6 = 90° 1/2| 100 | 100 | 100 | 100 | 100 | 100 | 100 | 2,4 | — | 33| — ‘
’ 321 9,3 }24' 6,316,511 9,8 12 8,8 | 100 | 100 | 100 | 100 |
521 26 | 17 | 20 | 37 | 32 | 50 | 35 | 43 | 51 | 45 !
72| 3t | 32 1 20| 27§ 41 | 65 | 50 | 25 | 16 | 25 | 20
92501 3 | 2535} 7 8 17,61 1,4 4,414,255
o744 t7 (1,212 — | Z 1oz — | 2|22
Values of 1/2 10,249 0,284 0,300]0,2821 0,25 8,23 0,25 8,01 — 10,00 | —
'a,, (IA1/2 in)> 3/2 10,02410,018 /0,020 0,019( 0,02 ,03 10,02 ,40 1 0,34 10,31 | 0,31
(; i (172 331 78) 5/210,18210,142(0,142]0,165! 0,18 | 0,45} 0,24 | 0,29 [ 0,31 0,33 | 0,28
' 7/2 |0,231(0,272{0,243{0,228] 0,23 { 0,29 [ 0,19} 0,49 | 0,10 { 0,15 | 0.12
9/2 10,269 10,185[0,1640,216| 0,27 | 0,30 | 0,29 | 0,09 | 0,24 | 0,21 | 0.28
11/2 |0,0450,097[0,430{0,09 {0,056 | — | — Joot| — | = | =

* Data from [17].

(Z_’am (1A 172 2 | jK))? ,wherethe a;, are the expansion coefficients of the Nilsson potential in terms of the

wave functions. The relative intensities are normalized to 100 for the 1/2 — 1/2[521] and 8/2 — 1/2[510] lev-
els. It is clear from Table 1 that the intensity distributions over the rotational bands are different for these
two states. A comparison with calculations permits a unique assignment of asymptotic quantum numbers to
these states with K™ = 1/2-. By studying the intensity distributions of the level population of the rotational
bands in direct reactions involving the transfer of a single nucleon extensive data on asymptotic quantum
numbers of one- and two-quasiparticle states have been obtained.

A combination of the methods of 3~ and vy-spectroscopy with direct reactions involving single-nucleon
transfer has given the characteristics for a rather large number of quasiparticle states in deformed nuclei.
The measurement of cross sections for the excitation of one-phonon vibrational states permits the deter-
mination of their component composition. The first analysis showed that the theory gives correct values of
the largest components of the y-vibrational states in a number of nuclei.

As the excitation energy rises the density of states increases and their structure becomes more com-
-plex [18]. The study of complex states requires supplementing the values of I"K, given by a-, 8-, and v-
spectroscopy, by information on the component composition of these states. Therefore a comprehensive
study of nuclear structure must be performed using the methods of o~-, 8-, and y-spectroscopy and nuclear
reactions; this has so far not been adequately developed. In some cases it is found that laborious 8- and
y-spectra studies actually give no new information on the structure of the nucleus being studied.

Studies using a-, 8-, and y-spectroscopy and nuclear reactions gave a large amount of experimental
material on energies, spins, and many integral characteristics of low-lying states in spherical and deformed .
nuclei. These data have been used to determine the parameters of the average field potentials and other
nuclear characteristics such as moments of inertia, quadrupole moments, etc.

The question of the accuracy of the assumed description of nuclear states or the magnitude of the ad-
mixture of higher configurations in quasiparticle and phonon states is very important. The simplest answer
to this question can be obtained by studying nuclei which are nearly doubly magic. Since in magic nuclei the
average field is chosen so that the density matrix is practically diagonal, residual interactions must be
minimal. Low-lying states of nuclei differing by one nucleon from a doubly magic nucleus must be single-
particle (single-hole) states or states of a particle (hole) plus aphonon,ete. Experimental data obtained
from single-nucleon transfer reactions [19] have shown that states up to 1.5-2.0MeV in 2'T1, 27pp, 209pp,
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Fig. 3. Experimental data on low-lying excited states in ?®Pb and in neighbor-
ing nuclei differing by one nucleon. 8972 L1172 hy s, etc., denote particle ex-
cited states while Si'}z, d?,'}z, and pfﬂ denote hole excited states. Q,(3)S7!

1/2°
Q1(3)p;}2, and Q,(3)hy/, denote multiplets —octupole phonon plus particle.

and ?°Bi are practically pure single-particle states; for higher excitation energies some states remain sin-
gle-particle and others exhibit a mixture of higher configurations, For example, in **'Pb the states p;}z,
f;}z, P3 /2> and g/, are pure single-hole states while the states f;}z and hg'/i2 contain admixtures of 20 and
35% respectively. The level of these odd nuclei and of 28Pb are shown in Fig. 3. The experimental data
on magnetic moments do not contradict the fact that the ground states of these nuclei are practically single-
particle (single-hole) states,

The lowest state in ?8Pb is an octupole single-phonon 3~ -state with an energy of 2.615 MeV. Multi-
plets consisting of a particle (hole) plus an octupole phonon should be observed in neighboring odd nuclei.
Those multiplets for which the particle (hole) is in the subshell corresponding to the ground state of the odd
nucleus should have the lowest energy. ' ' »

Actually 27T1 shows a doublet IT = 5/2~ and 7/2" with an energy of about 2.6 MeV consisting of an
octupole phonon plus a S;/l2 hole. In ?"Pb there iss a doublet IT = 5/2* and 7/2* with energies of 2.625 and
2.664 keV consisting of an octupole phonon plus a pi}z hole. Since the proton is in the hy /, subshell in the
ground state of 2°Bi, the septet of octupole phonon plus h, /S particle has spins and parities of 3/2%, 5/27,
7/2%, 9/2%, 11/2%, 13/2%, and 15/2" and an energy close to the energy of the 3~ phonon in 22Pb, All lev-
els of this septet have been observed experimentally, and the energy splitting is about 250 keV.

In nuclei differing from 2°®Pb by one nucleon one should expect higher energy states consisting of a
phonon plus a particle (hole) in an excited state. In addition there should be three-particle, five-particle,
ete., states, and also states consisting of a particle (hole) plus twophonos, etc. It is of very great inter-
est to find all single-particle states in these nuclei and to trace the complication of the structure of three-
particle, particle plusphonon, etc., states with increasing excitation energy. '

The problems of the amounts of admixtures of higher configurations in quasiparticle states, the struc-
ture of phonon states, ete., in nonmagic spherical and deformed nuclei still await solution. There is great
interest in'the study of the behavior of quasiparticle and phonon states and their interweaving with increas-
ing excitation energy.

The experimental data have shown that low-lying nuclear states are appreciably more complex than
predicted by recent theories. Therefore the further study of the structure of low-lying nuclear states and
progress to higher excitation energies requires a comprehensive study combining the methods of -, 8-,
and y-spectroscopy (including (nvy) reactions) with direct nuclear reactions using monochromatic beams of
particles of various kinds including heavy ions.

There have been many studies of the equilibrium shape of nuclei in grdund and excited states. While
the equilibrium shape of the ground states of most nuclei in the 8-stable region are known, the study of
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equilibrium deformations of ground states of nuclei far from the g-stable region, and of equilibrium de-
formations of nuclei in excited states, is in the initial stage. There are interesting questions connected
with the study of the shapes of isomers, especially of the structure of spontaneously fissionable isomers
[20], nuclei with the shape of an oblate ellipsoid [21] (regions 1 and 2 of Fig. 1),ete. The study of nuclear
fission, including the appearance of characteristic features of nuclear structure, is very important.

The study of nuclear structure is inseparably linked with the explanation of the mechanism of nuclear
reactions. Progress in the treatment of direct nuclear reactions has given valuable information on nuclear
structure. Thus the method of distorted waves has yielded data on the principal components of nuclear wave
functions. A more complete determination of the component composition of nuclear states requires a re-
finement of the mechanisms of nuclear reactions.

8o far we have discussed the ground and low-lying states of nuclei, Let us now consider the situation
with respect to the study of the structures of more highly excited nuclear states. The region of excitation
from 2 or 3 MeV to the binding energy of a nucleon in intermediate and heavy nuclei has received slight at-
tention.

The existence of mass separators of the Isolda and YaSNAPP types and proton emitters offers a very
great possibility of studying levels with excitation energies of 2 MeV and more in intermediate neutron-de-
ficient nuclei, With a displacement from the g-stable region toward neutron-deficient isotopes the energies
of p-~transitions increase greaﬂy, making it possible to study levels with excitation energies from 2 to 5
MeV. It should be noted that it is of interest to study the structure of very short-lived isotopes displaced
from the g-stable region by 15 and more neutrons, and short-lived isotopes displaced from the g-stable
region by 8-14 neutrons. It is very important that the advance to larger excitation energies be gradual and
take place over a wide front,

The methods of neutron spectroscopy led to information on the average characteristics of compound
states close to the binding energy of a neutron. Explaining the nature of these states (how different are the
structures of levels with identical spins and parities, how do the shells manifest themselves, etec.,) is an
important scientific problem. Here the greatest interest lies in the study of (ny) and (ne) reactions by res-
onances [22].

In the quasicontinuous spectral region great interest centers on the study of analogous states and a
different type of giant resonances. It is hardly necessary to say that the study of analogous states and the
fine structure of giant resonances is in the initial stage, ' ’ :

Every year there is an increase in information on nuclear structure from experiments on the interac-
tion of intermediate and high energy particles with nuclei. Thus the scattering of fast electrons indicates
the deviation of the electric charge density in nuclei from the Fermi distribution. The absorption of kaons
by nuclei indicates a possible enrichment of the nuclear surfé.ce by neutrons.

The study of muon capture in nuclei gives valuable information on nuclear shapes, the structure of
the dipole and quadrupole excitations, and partial transition rates. Interactions of pions with nuclei give
information on the short-range correlations of nucleons in nuclei. The cross sections for the forward ex-
pulsion of fast light nuclei in the interaction of protons with nuclei give some information on clusters in nu-
clei. There is great interest in the study of the mechanism of the interaction of high energy particles with
nuclei,

Obtaining data on the density distribution of nuclear matter in nuclei, the structure of phonon states,
and many other characteristics, requires nearly mono-energetic beams of protons, deuterons, electrons,
and other particles over a wide range of energies. Intense beams of kaons are also required.

We have higher hopes for the study of hypernuclei. In hypernuclei the interactions of hyperons with
nucleons and with one another are not greatly weakened by the operation of the Pauli principle and therefore
there is the possibility of studying new aspects of nuclear structure. At the present time students of hyper-
nuclei are paying particular attention to the determination of the characteristics of nucleon—hyperon (spin
~ spin dependence, tensor components, ete.,) and hyperon —hyperon potentials, the role of three-particle
forces inhypernuclei, etc. Information on bound excited states of hypernuclei is still inadequate, and ad-
vancement into the region of heavier hypernuclei is very slow. '

In spite of the increase in the contributions of high-energy physics to the study of nuclear structure,
it is not expected that the contributions during the next few years will be either very large or very valuable.
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ABSTRACTS

-ANALOG STUDIES OF THE DYNAMICS OF A POWER PLANT

CONTROL SYSTEM INCORPORATING A 440 MW(e) REACTOR

L. N. Golyand, S. Ya. Dunaevskii, o : UDC 621,039.51
V. F. Ostashenko, and T. M. Afanas'eva

Results of analog simulation studies of the dynamics of the control system for a power plant unit in-
corporating the V-440 reactor are presented.. The reliability of the results obtained in the analog simula-
tion* are confirmed by experiments conducted on real equipment (the first and second power units of the
Novaya Voronezh' nuclear power plant). Transients in the control system of the first and second power
units are compared to the simulation results, with the power output brought down to 70 and to 120 MW re-
spectively. The simulation aceuracy was estimated in neutron flux at 3-5% rating, in terms of pressure
to about 1 atm, in terms of coolant temperature to within 1-2°C,

The static characteristics of the third power unit of the Novaya Voronezh' nuclear power plant (with
the V-440 reactor) are presented along with the dynamic characteristics of the unit, the latter including
the speed at which the reactor is brought up to full power, the extent to which reactor parameters are
smoothed out automatically, and delay times, in response to reactivity surges and turbogenerator loads. The
characteristics are reported for different power output levels and different reactivity coefficients with re-
spect to coolant temperature.

‘The dynamic characteristics of the third power unit in the Novaya Voronezh' nuclear power plant in
response to a stepwise drop in station power output from 100% to 50%, with a relay type controller acting

-on the reactor control rods in a constant-speed mode, are discussed.

The relationship between the maximum pressure deviation in the secondary loop, and of the control
response time on the one hand, and the rate of change in reactivity by action of the control rods onthe.
other, were obtained in the case of areactivity surge. Theserelationshipswere obtained at different tempera-
ture coefficients of reactivity, withpressure relief devices (discharging steam to the condensers of turbogenera~
tors) operating or nonoperative, The relationship canbe discussed as the limiting dependences in estimates
of the performance quality of control systems designed for the third power unit of the Novaya Voronezh'
nuclear power plant.

Two arrangements for power control are cited for the power unit: pressure control in the secondary
loop and average coolant temperature control in the primary loop, with automatic correction of the coolant
temperature to match the turbogenerator loads. The two arrangements are compared with commensurate

adjustments made, including adjustments with the identical stability margin in terms of modulus.

The dependence of the control response time with power cut to the 50% level and a different rate of
reactivity change by the action of the control rods was also obtained. This dependence was then used to -
estimate the operating efficiency of the controller. The control response time with the pressure controller
operating in a constant-speed mode was used as the lower limiting estimate. An estimate of the reactor
power overcontrol was also made for that control mode.

‘The dependence of the maximum pressure deviation in the secondary loop, and of the control response
time, on changes in turbogenerator loads, on the rate of change of reactivity by action of the control rods,
and on the control setup of the power unit, is investigated.

*The details of the model were described in the authors' paper pres_ented for the USSR at the COMECON
symposium "Control and management of atomic reactors and nuclear power plant facilitities" in Budapest, 1969.

Translated from Atomnaya Energiya, Vol. 30, No. 1, p. 44, January, 1971, Abstract No. 453/5856.
Original article submitted April 20, 1970; revision submitted July 30, 1970.

© 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New lYork,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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These investigations revealed that the various control arrangements-discussed are equivalent in their
dynamic characteristics. But the pressure control approach is more reliable in the performance of the
transducers, The secondary-loop pressure control concept is therefore recommended for the application.

SWELLING OF CYLINDRICAL DISPERSION TYPE FUEL ELEMENT

IN NONUNIFORM TEMPERATURE AND NEUTRON FIELDS

Yu. I. Likhachev UDC 621.039.517

- Axisymmetric swelling of a long cylindrical dispersion type fuel core in radially nonuniform temper-
ature fields and neutron fields has been discussed. It is suggested that the fuel consists of regularly spaced
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Fig. 1. Distribution of parameters over the cross section of the core of the fuel element in a
fast reactor: 1) temperature, 2) fission density, 3) swelling, 4-6) peripheral, radial, and axial
strains respectively, and respective stress og, 0y, 05 (7-9 respectively), for time 2000 h.

Fig. 2. Time variation of average amount of swelling (1), peripheral (2), and axial (3) strains
in equivalent fuel elements, for.the case of a fast reactor (continuous curves) and thermal re-
actor (broken curves). Curve 4 indicates the fraction of axial deformation due to average swel-
- ling (dot-dash curve corresponds to the case of isotropic swelling of fuel elements).

Translated from Atomnaya Enérgiya, Vol, 30, No, 1, pp.44-45, January, 1971. Abstract No. 454
/5638. -Original article submitted October 11, 1969; abstract submitted July 28, 1970; revision submitted

July 28, 1970. -
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identical spherical cells in the form of hollow thick-walled spheres with spherical granules of fissionable
materials inside, Swelling of individual cells S(r, t) is determined by the creep experienced by hollow
spheres loaded by the internal pressure of gaseous fission products building up, and by the external pres-
sure which is picked up by equal components of the spherical macroscopic stress tensor which originate in
the interaction between volumes of the fuel element core swelling at different rates. The macroscopic
stresses are determined by solving the problem of the creep experienced by a fuel core in the case of the
bulk strain varying over the core cross section and 1ncreasmg with time, and equal to the swelling S(r, t)
of the spherical cells,

A method of numerical solution of the system of 1ntegro-d1fferent1al equations obtained has been worked
out by V. V. Vakhromeeva.

Figures 1 and 2 show results of calculatlons of the swelling of a disperse type fuel core with a matrix
of austenitic steel (type 1IKh18N9T) and grains of uranium dioxide, for cases where the fuel element does
service in fast reactors and in thermal reactors. The fact that swelling and increased fuel-element dia-
meter in a thermal reactor are substantially less than in a fast reactor (in the case of equivalent fuel ele-
ments in which the temperature on the surface of the core, the average amount of heat release over the
cross section, the thermal conductivity of the fuel composition, and the core radius, are assumed identi-

cal) is explained by the smaller temperature drop over the cross section of the fuel element in a thermal
reactor.

LOWERING THE RATE OF HYDROGEN DIFFUSION THROUGH
Kh18N10T STEEL WHEN THE STEEL SURFACE IS OXIDIZED
IN A TONNAGE HYDROGEN ATMOSPHERE

V. I. Subbotin, V. N. Bykov, UDC 53.3.15
F. A, Kozlov, N, N. Ivanovskii, :
and V., V, Kazarnikov

A study of the penetration of hydrogen through a Kh18N10T steel membrane of thickness 0.2 + 0.01 mm
has shown that the permeability of the membrane decreases 50 to 100 times after oxidation in an atmosphere
of tonnage hydrogen (= 0.5 vol. % O,).

The amount of hydrogen diffusing through a volume that had already been roughed out to a vacuum was
determined from changes in pressure occurring over a specified time span. The hydrogen pressure was
measured with the aid of an LT-2 thermoelectric pressure gage, with irregularities of the temperature, in
the volume, and changes in the characteristics of the pressure gage brought on by the enhanced thermal con-
ductivity of the gas [1] taken into account, The temperatures were monitored by Chromel —Alumel thermo-
couples, The hydrogen diffusion rate was measured over the 600-750°C temperature range at a 760 mm Hg
hydrogen pressure drop, The membrane was oxidized at 650°C for 16 h in an atmosphere of tonnage hydro-
gen at 1 atm pressure. Preliminary outgassing of the entire system in a vacuum of at Ieast1-10"*mm Hgat
850°C for 50 h cut the gas inleakage to the working volume down to 1.45-107¢ N-cem® - mm/em?-h,

The energies of activation of the process by which the hydrogen penetrated the oxide film and the
Kh18N10T steel were respectively 16.4 + 3.2 kcal/mole and 12,0 + 3.0 kcal/mole. The results obtained
imply that hydrogen diffuses through the oxide lattice not in monatomic form (as in materials with a metal-
lic type bond [2]) but in molecular form (as in enamels and glasses [3]).

Translated from Atomnaya Energiya, Vol. 30, No. 1, p. 46, January, 1971, Abstract No. 455/5188.
Original article submitted December 18, 1968; abstract submitted February 12, 1970,
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The difference in the rates of hydrogen diffusion through the oxide films on the Kh18N10T steel, ob-
tained when the steel was oxidized in air and in an atmosphere of tonnage hydrogen, seem to be due, in our
opinion, {o the effect of the environment and of the oxidation conditions on the quality of the film forming.
Under the oxidation conditions prevailing in our experiments, the oxide formed became alloyed with the
chromium. As a consequence, the plasticity of the oxide film increased, stresses were reduced, and the
number of flaws in the oxide layer decreased as a result.

These factors result in a more continuous oxide film forming when the Kh18N10T steel oxidizes in an
atmosphere of tonnage hydrogen, a film which is of complex composition and less permeable to hydrogen
than the oxide film that forms in air.

LITERATURE CITED

| 1. L. G, Khorkin, ZhTF, XXV, 726 (1955).
2, 0.M. Bérrer, Diffusion in Solid Bodies [Russian translation], IL Moscow (1948).
3. A. A, Appen, Temperature-Stable Inorganic Fllms [m Russ1an], Khxmlya, Lemngrad (1967).

CHANGE IN REACTIVITY DURING SHUTDOWNS OF
A HIGH-FLUX REACTOR

T. S. Zaritskaya ' UDC 621.039.516.2

The change in reactivity during shutdown of a high-flux reactor due to 1'%, Xe®® Pm!4? and Sm!¥ is
calculated. The dependence of this process on the steady-state operating power before shutdown is studied.

The general nature of the reactivity change is as follows: there is first a rapid buildup of Xe®® from
the decay of I®®, then the decay of Xe!3°, and finally the slow buildup of stable Sm* due to the decay of Pm!%,
} - It is established that for a neutron flux of 2.6 - 10! neutrons/cm?- sec the asymptotic value of the reactivity
for infinitely long shutdown 1's the same as the steady-staté reactivity before reactor shutdown, and for a
flux of 3.2 -10! neutrons/cm?. sec the steady~state value of the reactivity agrees with the minimum in the
shutdown process when Xe®® has decayed and Sm* has not yet been formed.

b
|
|
‘ The results of the calculations serve as reference material in choosing shutdown procedures for high-
| flux reactors.

Translated from Atomnaya Energiya, Vol. 30, No. 1, p. 46, January, 1971. Abstract No. 456 /5481,
Original article submitted July 10, 1969; revision submitted September 21, 1970,
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EFFECT OF EMPTY CYLINDRICAL CHANNELS ON
NEUTRON MIGRATION*

I. S. Grigor'ev o - v UDC 621.039.51.12

Measurements of the elongation factors of the squares of the diffusion length %, = L2/ L} and migration
length -#; Mz/ M} in water are reported for different lattices of empty cylindrical reactor channels, All
the expenmental £, values for guide channels parallel fo the axis were found to be below those computed
on the basis of Behrens's formula[1]. These discrepancies are practically entirely eliminated when correc-
tions for the anisotropy in neutron scattering, and specific to the heterogeneous medium [2], are taken into
consideration.

The £, measurements disclosed a need to pay attention to angular correlations of the mean free neu-
tron paths 6 ql (up) [3]. . Experimertal Oqy values were obtained and a semiempirical formula for computing
£, , which ylelds excellent agreement with experimental £, values measured in our work and those pub-
lished earlier by other authors, is proposed.

The #; measurements were conducted with the use of neutron sources having different spectra (fis-
sion spectrum and spectrum of the polonium —beryllium source) and shape (plane source and "point" source).
The measurements showed that the use of the equation M} (p) = L{ (p) + 7 (p) to calculate Mf (p) values in a
medium containing voids does not contradict available experimental data. '

LITERATURE CITED

1. D. Behrens, Proc. Phys. Soc., A62, 607 (1949).
2, B. M. Novikov, Atomnaya Energlya 21, 272 (1966).
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INFLUENCE OF INSTRUMENT-DEPENDENT QUANTITIES
UPON THE FORM OF THE g-RADIATION ‘
ABSORPTION CURVEt A .

V. G. Belashov and A, M. Bogachev UDC 539.12:621.039,538

The aim of the preserit work is to investigate the analog and discrete récording methods for g radia-
tion and the influence of instrument-dependent quantities (resolving time and relative recording efficiency)
upon the form of the absorption of g radiation fluxes, because the available data are inconsistent.

A theoretical analysis of the influence of the recording method was made by modeling the interaction
of the allowed Fermi spectrum of 8 particles with relatively thin fo1ls. It was found that the absorption curve
recorded with an analog method (yy) is given by the expression

v1(1'=b)=1~[3176965/2(5 b+—b2)]

* Translated from Atomnaya Energiya, Vol. 30, No. 1, pp. 46-47, January, 1971, Abstract No.
457/5708, Original article submitted January 4, 1970,

tTranslated from Atomnaya If.nergiya Vol. 30, No. 1, p. 47, January, 1971, Abstract No. 458
/5732, Original article submitted January 23, 1970; abstract submitted August 25, -1970; revision sub-
mitted August 25, 1970.
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where x denotes the absorber thickness and b = Ep 5 /Ex, the ratio of the maximum energy of the 8 spec-
trum to the maximum energy of the electrons which are not recorded by the detector when an absorber of
thickness x is introduced. The curve recorded by a discrete method (vN) is given by the equation
g [35T 5,02 4. 2
(et =[S (f o) |
The curves obtained with the various recording methods were compared. The influence of the resolving
time 7 of the counting equipment was considered under the assumption that the true absorption curve has ex-

ponential form. The excess of the relative slope ..o of the true curve over the slope of the instrument-
dependent curve is related to the quantity T by

Qre1=1+N(0) Texp —pa,

where N(0) denotes the flux density of the radiation when no absorber x is inserted and u is the attenuation
coefficient. The instrument-dependent curve is always situated above the real curve and the distance in-
creases with increasing N(0) 7. The relative efficiency of a recordmg has a similar influence. Theoretical
conclusions confirm the experlmental results. '

The following conclusions can be drawn from the investigations:

1) the absorption curve can have exponential form or nonexponential form. The form of the curve de-
pends upon the change of g spectrum by the absorber and upon the above-described instrument-dependent
influences;

2) the slope of the absorption curve recorded with a discrete recording method for the radiation flux
is steeper (at least in the initial section) than the curve recorded with an analog method under otherwise
equal conditions; :

3) use of discrete recording methods of the radiation flux in radioisotope instruments makes it pos-
sible to considerably increase the sensitivity with which a parameter is recorded.

The results obtained can be used for optimization of radioisotope instruments and for improvements
in dosimetry, activity determinations, estimates of the thermal effect caused by radioactive samples, etc.

THE EQUILIBRIUM DISTRIBUTION OF HYDROGEN ISOTOPES
IN THE LIQUID - VAPOR SYSTEM FOR AMMONIA

V. M. Bakin and Ya. D. Zel'venskii ’ UDC 621.039.322.3

The available experimental data of the value of o, the separation factor for hydrogen isotopes in the
rectification of ammonia, apply to the temperature range below 20°C, and the data given by different authors
_ ' ] are markedly different., In the past the values of o for
TABLE 1 the temperature range above 20°C have been estimated by
extrapolation. It therefore seems of interest to make di-
rect measurements of the value of @ in the NH; — NH,D

system for the uninvestigated temperature range..

Temperature, °C | 10 | 20 l30 40 50

@ L. 1,0246 {1,0216 '1,0187 1,061 1,0136
' The separation factor for hydrogen isotopes in the
Temperature, °C | 60 ‘ 70 80 90 liquid —vapor system for ammonia was measured in the
© 10-90°C temperature range, using an instrument equiva-
o 1,0112 | 1,0090 |1,0070 | 1,0050 lent to one theoretical separation stage, by distilling off

and analyzing specimens of the vapor phase which is in

Translated from Atomnaya Energiya, Vol. 30, No. 1, pp. 47-48, January, 1971. Abstract No. 459
/5809. Original article submitted March 12, 1970.
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equilibrium with a large quantity of the liquid phase. The article describes the design of the instrument,
which can be used for studying theliquid—vapor equilibrium at pressures up to 100 atm abs. In order to
determine the value of ¢ more accurately, we used ammonia enriched with deuterium (approximately 4
molecular percent when converted to ND;). The conditions for experiments capable of yielding reliable data
are the following: rate of stlrrmg of liquid phase, approximately 200 rpm; rate of vapor-phase sampling,
not more than 1-107 g/cm?- sec, '

An isotope analysis of the ammonia samples was carried out by burning the ammonia over copper
oxide at 600°C to form water and then determining the deuterium content by the float method. The error ‘
in the method of analysis used was no more than 2-3 ug, which corresponds to a deviation of +0.0015 in |
the value of a. . \

{
|

Knowing the concentration of the vapor and liquid phases in the equilibrium state, we calculated the
separation factor of hydrogen isotopes in theliquid —vapor system as the ratio of the relative concentrations
of deuterium in the liquid and vapor phases, respectively,

The resulting experimental values of o for the 10-90°C temperature range under investigation can be
described, with a mean absolute error of +0,0010, by the equation

10,796
lgoc=-—-T——0 02756, . 1)

found by the method of least squares, Table 1 shows the values of ¢ calculated from Eg. (1). In the tem~
perature range under investigation, our experiments did not indicate any inversion in ¢ (which is assumed
by some authors to.exist at 75-85°C, on the basis of extrapolation of the data obtained in the temperature
range from —70 to +20°C). Calculations using Eq. (1) indicate that ¢ = 1 at 118-119°C.

From the variation of o as a function of temperature, we calculated the difference between the heats
of vaporization of ammonia molecules containing different hydrogen isotopes and obtained a value of AL
= AHNHZD'AHNH3 =49.4 + 1.5 cal/mole.

The results of the experiment to determine the separation factor of hydrogen isotopes in the liquid -
—vapor system for ammonia are evaluated and are compared with the known literature data.

THE SIMULATION OF HYDRODYNAMIC PROCESSES IN
THE SEPARATION OF ISOTOPES IN PACKED COLUMNS

V. A. Kaminskii, N. A. Giorgadze,' UDC 621.039.3+532,5
R. Sh. Vartapetyan, and M. P, Dzhodzhua

In order to obtain formulas for calculating the hydrodynamic parameters of columns filled with an
effective wire packing, we propose the use of a geometrically simple model based on the statistical char-
acteristics of actual packings.

In the model the vapor moves in a narrow channel between two parallel surfaces inclined at some an-
gle to the horizontal, while the liquid runs off as a film on the two interior faces of the channel. The width
of the model is equal to the perimeter of the packing in a unit cross section of the column, while the space
for the passage of the gas is determined from the condition that equivalent diameters in the packing and the
model must be equal.

In the case of such a model we obtain a formula for the thickness of the liquid film by solving the hydro-
dynamic equations in the form of boundary-layer equations, taking account of friction on the boundary |

Translated from Atomnaya Energiya, Vol., 30, No. 1, pp. 48-49, January, 1971. Abstract No. 460
/5459, Original article submitted July 7, 1969; abstract submitted August 6, 1970; revision submitted
August 6, 1970,
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Separating' the phases. Together with the known expression for the pressure gradient in the gas channel,
this formula will give us a system of algebraic equations from which we can simultaneously determine g¢g,
the retentive capacity of the packing, and VP, its hydrodynamic resistance:

o iPlg—VvpP o YogPeles .
3w af d 16w %2(F — st —@d)® ’
vP— V3gPgPk

8 (F—qst —wd)“fg'

Here T is the amount of liquid retained per unit of perimeter; 4 and i are the width of the model and the
sine of its angle of inclination, respectively.

In order to explain the mechanism of phase inversion in columns with fine packing, we started from
the premise that it is hardest to keep the film . unbroken at places where the liquid flows along the lower sur-
faces of the packing elements. In the model the corresponding liquid flow takes place along the upper sur-
face of the channel,

For a fixed value of the load, when the sum of pressure and frictional forces acting on an element
of the liquid film will be equal and opposite to the component of the force of gravity in the direction of flow,
the liquid will stop flowing in the direction in which it has been moving. As a result, there will be a sharp
increase in the thickness of the film, and it will separate from the surface of the wall and spill out into the
vapor phase,

The corresponding limiting velocity for the vapor is of the form

Ve = ipl.g 0.73
og [ ¥ ¥ ] !
(F— st — 94 9d+(F — 9 —@g)®

where

__ 130ppak

‘8 (aék%gg)o.ﬁé -

For a packing consisting of segments of a triangular spiral used for the separation of boron, nitrogen,
and carbon isotopes by chemical exchange and distillation, and also for the air — water system, we obtained
good agreement between the calculated and experimental data, '

SOME REGULARITIES IN THE SPUTTERING OF A THIN
LAYER OF FISSIONABLE MATERIAL ONTO A METALLIC
SUBSTRATE BY FISSION FRAGMENTS

V. K. Gornikov and P, A. Petrov* ’ UDC539.2:539.12.04

As had been shown in an earlier article, sputtering of thin layers of fissionable isotopes onto metallic
substrates (thin sources) is achieved through the action of fission fragments traversing the surface. The
amount of sputtering (emission) then depends on the topography of the surface of that layer [1]. This topo- -
graphy undergoes some changes through the bombardment by the fission fragments, which acts to reduce
emission from thin sources with increased radiation exposure dosage.

* Deceased.

Translated from Atomnaya Energiya, Vol. 30, No. 1, p. 49, January, 1971,. Abstract No. 461 /5312,
Original article submitted March 21, 1969; abstract submitted August 5, 1970; revision submitted August
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The sources used for further research on these phenomena, as described in this paper, were in the
form of thin layers of the spontaneously fissioning isotope Cm?* coated onto different metallic substrates,
It was found, in this experiment, that emission by these sources on which the fission fragments impinged
is completely restored through thermal annealing of the sources in the atmosphere and at normal pressure.
The recovery temperature is related to the recrystallization temperature of the substrate material.

On the basis of these and other experimental data, it is inferred that the decrease in the emission of
the thin sources is brought about by fragments penetrating deeper into the metallic substrate. The thin
layer of fissionable material coated onto the surface of the solid specimen may be acting, therefore, as a

sensitive indicator of microscopic deformations in the surface of the material under investigation. In parti-

cular, a new method of investigating radiation damage in solid media becomes possible on that basis, The
great sensitivity of the method makes it possible to conduct this research at low exposure doses and during
the irradiation process, and also makes it possible to study the effects of radiation in their dependence on

the state of the material under investigation. '

LITERATURE CITED
1. V. K. Gorshkov and L. N. L'vov, Atomnaya Energiya, 20, 327 (1966).

MULTIPOSITION TARGET CHAMBER FOR A
NEUTRON GENERATOR

D. V., Viktorov, I, M, Rozman, ’ UDC 621,039
and A, M, Shcherbakov

The target chamber was developed for experiments investigating the effect of neutrons produced in the
reactions H? (d, n) He® and H® (d, n) He? on the performance of semiconductor instruments, and is designed to
accommodate standard deuterium -or tritium targets 14 mm in diameter. The objects to be irradiated can
be placed at a 90° angle to the deuteron beam, at a distance L = 23 mm from the center of the active layer
of the target, or at a 55° angle at a distance L = 7.5 mm. The chamber offers three positions. The tar-
get can be replaced twice without disturbing the vacuum in the accelerator tube. This is achieved through
the way the working target and the spare targets are soldered to a cooled copper disk, and the targets are

‘replaced by rotating this disk through 90° (control is either manual or remote).

The chamber is adjusted through the bellows-sealed joint of the ion guide, There is a connection for
mounting a counter to detect accompanying particles (at a 90° angle to the beam). The target chamber is
electrically insulated from the other parts of the generator, so that the deuteron current can be measured.

The disk carrying the targets is cooled by water flowing down a channel of rectangular cross section
30 x 0.8 mm?, The dependence of heat transfer on the water flowspeed (w = 3.8 m/sec) was measured. The
production of the heat transfer coefficient @ (W/cm?-deg) by the effect heat extraction surface area S (cm?
is in agreement with the theoretical dependence ¢S = Bw%-%, at the value B = 5.6. Comparison with theoreti-
cal predictions shows that the high value of B stems from the large heat extraction surface area: S is about
five times greater than the target area.

When w = 6.8 m/sec (water pressure at entry 3 atm), the temperature drop between the active layer
of the target and the cooling water is about 100°C by 400 W of the deuteron beam, or about 1-10!! em™! by
the intensity of the neutrons generated in the reaction H* (d, n) He?.

Translated from Atomnaya Energiya, Vol. 30, No. 1, pp. 49-50, January, 1971, Abstract No. 462
/5581, Original article submitted July 14, 1970.

56

Declassified énd Approved For Release 2013/02/25 : CIA-RDP10-02196R000300080001-3




Declassified and Approved For Release 2013/02/25 : CIA-RDP10-02196R000300080001-3

RESONANT ACCELERATION OF PARTICLES BY FAST
ELECTROMAGNETIC WAVES PROPAGATING PARALLEL
TO AN INCREASING MAGNETIC FIELD

A. N. Didenko and V. K, Kononov _ '  UDC 621,384.62

We are concerned here with the possible continuous acceleration of charged particles in a smooth
waveguide of rectangular or circular cross section along whose axis a TEp; wave is propagating with a
phase velocity v = gpc (Bp > 1). The wave guide is placed in an external axisymmetric magnetic field.
1f the magnetic f1e1d 1s consta.nt along the length, the phase shift of the particle which arises with respect
to the wave will lead to the disruption of self-resonant acceleration. For continuous acceleration of the
particles, the magnetic field must change along the wave guide in a specific manner, In this case, the ac-~
celeration will not be self-resonant, so the trajectory of the equilibrium particle and the stability of the mo-
tion about this trajectory must be studied.

The problem was solved in the following manner. The equation of motion of a charged particle in the
field of left-rotating travelling TE j;;-wave is written in a cylindrical coordinate system (r, 6 , z) (z is along
the waveguide axis), and is solved under the following conditions:

1) ¢ = wt—kzz— 8 = g = const; this means that the phase of the equilibrium particle with respect to
the wave is constant (ky is the z-component of the wave vector);

2) r = rg = const.

From the solutions of the equations of motion, we find the required behavior of the external magnetic
field along the waveguide axis:

‘ , L T(er) 1—wt ky (Bp—V (2rt 1 Bp) (1 — ‘2) — k2r2Bp ) |
| he=e wr, (wr)  kr Si Qa— K2re . ﬁp i @
e = 20 cos g, B2 B0 BV (r2 4 Bp) (L —vd)—kerifh v @)
B k2re ﬁp V (er2 By (1—y5— kmﬁ;
where
eH eEy .., . 2 €

=—; = Timr); 2=k —kz; y=—5
InoCz' 0 n’l»o(»'z l( )9 Zy V mocl'

| € is the energy of the particle, E, is the electric field intensity of the wave, and 7, and ; are Bessel func-
| tion and its derivative with respect to r. The length over which a particle acquires an energy Ay = y— yg
is found from '

zegkr (Bp—1)=Bp -{?— vat GV L Bp) (1—y2) —k2r2Bp—

1 oy ———
: - ; 3 Veb—1 (v—va)
—va V (k221 BD) (1 —yi”) — ko2l —Bp (Bp—1) | arotg P~V Vu)
: TR e he 7 T+ @0 v

‘ +arotg B Bp—t oV wert ) (1—y) —ieragb —, V (r e Bp) (1= 1 —Amﬁp)]} 3)

| 1+% vva V 2R BR) (1—v2) —k2r2Bp V ke (1—vi ) — h2r2pp
According to these calculations, we can select parameters such that the particle moves along a helix of con-
} stant radius and constant spacing over essentially the entire length of the acceleration. The stability of the

motion was also treated in a linear approximation. Quite simple inequalities were found. It turned out that
the stable motion in the field of a TE;-wave, the conditions sin ¢g > 0 must be satisfied. '

: Numerical calculations show that such accelerators may be useful for producing highly intense beams
of electrons with energies of the order of several (or tens of) megaelectron volts,

Translated from Atomnaya Energiya, Vol, 30, No. 1, p. 50, January, 1971. Abstract No. 463/5773.
| Original article submitted February 13, 1970.
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CALCULATION OF LOW-CURRENT BEAMS IN
DIRECT-ACTION ACCELERATORS

R. P. Fidel'skaya - UDC 621.384.64

We treat the formation of low-current beams in direct-action accelerators with an account of the fi~
nite phase volume and relativistic effects. An analytic solution is found for the equation derived by Kap-
chinskii [1] for the envelope of a beam with a finite phase volume for the case of a uniform electric field E.
This equation is used to derive the basic equations for the optics of low-current direct-action accelerators,
_ which are valid for both ionic and electronic (relativistic) beams. Equations are obtained for the minimum
beam radius Ry,i, and the corresponding distance from the entrance to the tube Zmin for given values of
the radius Ry, the electric field potential U, and the beam convergence angle q, at the entrance to the tube:

B = Folo . 1
TV R maUs (0o aak M
~At42nUo 1 VT, TFW00)l exp A— 1) U : @

MmE[1+20U+ ViU, T+ nUg)lexp 4 £
where

-~ —4ne2ERGoy VU (140 |
anUo (1+nUo) PR303+ F3 .°

=e/ 2m0c , TF, is the area of the two-dimensional phase volume of the beam, and c is the velomty of
hght

The inverse problem, i.e., that of determmmg for a given R ;,, and correspondmg U, the beam para-
meters R and « for a particle energy eU, has been solved:

14200 4+ Vanw d+0) 1°
Bmm+[2m In -‘

Bmin 14 20Us+ VT, (1+1U0) (3)

Fy ]/ B m1n
o= 1— 4
- 2R VAU (A q0) R

The condition is found for the optimum initial angle at which the beam can be focused at a maximum
distance from the entrancetothe tube:

_Fo
2eRy YU (1+100)

topt= (5)

The method of calculating the optics of low-current direct-action accelerators by means of the en-
velope equation is compared with the Elkind method [2], based on geometric optics. In particular, it is
shown that the size and position of the crossover of the charged-particle flux depend on the magnitude F; of
the beam phase volume and are equal to the corresponding values calculated by means of geometric opt1cs
only as Fj, — « (more precisely, for F;, bounded by an arbitrary paraxial part of the beam)
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LETTERS TO THE EDITOR |

THE REDUCTION OF HEXAVALENT URANIUM BY HYDROGEN
SULFIDE IN AQUEOUS SOLUTIONS AT INCREASED
TEMPERATURES AND PRESSURES

R. P. Rafal'skii and B. 8. Osipov UDC 550.4:541.123:546.791

In connection with a study of the conditions of transport and deposition of uranium by hydrothermal
solutions in the formation of uranium deposits, experiments were conducted earlier on the reduction of
hexavalent uranium with hydrogen sulfide at temperatures up to 300°C in sulfate and carbonate solutions
[1]. However, the amount of hydrogen sulfide in these experiments was not particularly monitored; in addi-

_tion, the results of experiments in carbonate medium proved to be poorly reproducible, apparently as a re-

sult of the formation of colloids.

Below are cited the results of experiments conducted under strictly controlled conditions. Hydrogen
sulfide was introduced into a quartz ampoule, and the ampoule with solution (degree of filling f = 0.5) was
then frozen by immersion in liquid nitrogen. * The necessary amount of H,S was measured by volume
with a gas burette, to which hydrogen sulfide was delivered from a Kipp's apparatus after purification and
drying (H,0, I, CaCl,). The burette was sealed with mercury. At room temperature the latter reacts with
hydrogen sulfide too slowly to appreciably change the measurable amount of H,S. Evidently the sorption of
hydrogen sulfide by the rubber of the hoses connecting the main burette and the ampoule can lead to substan-
tial errors. To minimize the possibility of sorption, the glass tubes were butt-jointed. On the whole, the
method developed ensures the obtaining of quite reliable data.

The duration of experiments with a solution of UQ,SO, with an initial concentration of 9.8 g/ liter ura-
nium was 75, 30, and 10 h at 100, 150, and 200°C, respectively. From the data obtained earlier [1} it is evi-
dent that this time is more than sufficient for the reaching of equilibrium in the system. After exposure
at the set temperature, the ampoules were removed from the furnace, cooled in cold water, opened, and the
solution separated from the precipitate by vacuum filtration. During work it was found that these operations
in this case can serve as a source of substantial errors,

As was established by special experiments, in the formation of uranium dioxide in the precipitate in
the form of crystals, its dissolution during cooling and after it proceeds extremely slowly. However, as a
result of the interaction of uranyl sulfate with hydrogen sulfide, dispersed precipitates are formed, con-
sisting of rounded particles [2]. When the equilibrium is disturbed, their dissolution proceeds far more
rapidly and can substantially distort the results. It was established that in the case of simultaneous cool-
ing of 10-15 ampoules and their successive opening, the uranium concentration in solutjon is higher the
later the ampoule is opened. Therefore, the ampoules were subsequently removed from the furnace in turn;
from the time of removal of the ampoule from the furnace until a collection of the sample of the filtrate for
analysis 5-7 min elapsed. The dissolution of the precipitate during this time was negligible and did not lead
to any appreciable distortion of the equilibrium concentrations.

Below are cited all the results obtained at the concluding stage of the work, after complete develop-
ment of the method and elimination of possible sources of errors. The convergence of the results of paral-
lel experiments is quite satisfactory (Fig. 1). In all the experiments an appreciable amount of elementary

- sulfur was formed.

* Air was preliminarily evacuated from the ampoule and the line connécting the ampoule with the gas bu-
rette.

Translated from Atomnaya Energiya, Vol. 30, No 1, pp. 52-53, January, 1971. Original letter sub-
mitted May 13, 1970.

© 1971 Consultants Bureau, o division of Plenum Publishing Corporation, 227 West 17th Street, New York,
" N. Y. 10011. " All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Fig. 1. Dependence of the uranium concentration in sulfate solution on the amount of
hydrogen sulfide in the ampoule.

Fig. 2. Dependence of the concentration in a 0.1 N solution of NaHCO; on the amount
of hydrogen sulfide in the ampoule at 200°C (®); X) results of experiments with uraninite,

The change in the equilibrium concentration of uranium in solution as a function of the amount of H,S
in the ampoule at various temperatures is shown in Fig. 1, along the x-axis of which the volumes of hydro-
gen sulfide under normal conditions, converted to Vamp = 6 cm®, are plotted. On Fig. 1 are plotted the re-
sults of all the parallel experiments obtained for each point. The curves were constructed according to the
average values. Contrary to expectations, at 100 and 150°C the uranium concentration increases with in-
creasing amount of hydrogen sulfide in the ampoule. It may be assumed that this is due to the formation of
hydrosulfide, or, more correctly, hydrogen sulfide complexes of uranium. Such complexes of this metal
have not been described in the literature, insofar as we know, but the existence of such complexes of the
basic heavy metals can be considered firmly established. The available experimental data are insufficient
to judge the composition of the above-mentioned uranium complexes.

A "normal" dependence is observed at 200°C: with increasing concentration of the reducing agent, the
uranium concentration in solution decreases. The temperature dependence of CUeq is of the same nature
as the dependence established for other systems containing uranium and reducing agents.

In experiments with bicarbonate solutions, a 0.1 N solution of NaHCO; was used as the initial solution.
The uranium concentration in it, comprising 0.05 g/ liter, was created by dissolving UO;. When the am-
poules were loaded in these experiments, the operation of thawing of the solution after unsealing of the am -
poule and its removal from liquid nitrogen was quite unpleasant. In this case many of the ampoules broke
down, which was expressed in the appearance of cracks in the quartz glass, sometimes accompanied by a
slight explosion. ' '

Below are cited the data of the last series of experiments conducted at 200°C* (Fig. 2), obtained after
elimination of possible sources of errors. The convergence of the results of parallel experiments in this
series, if we consider methodological difficulties, should be considered excellent. Exceptions are the clear-
ly lowered data of one experiment, obtained for VH,S = 16.4 cm3. :

In addition, an attempt was made to approach equilibrium from the other side. A weighed sample of
uraninite, synthesized by the method described earlier [3], was placed in the ampoule, which was then filled
with a 0.1 N solution of NaHCO;. After the introduction of hydrogen sulfide and sealing, the ampoule was
heated for 76 h at 200°C. The results of two experiments (see Fig. 2) are in good agreement with the data
obtained when equilibrium was approached "from above."

* Duration of experiments 48 h, degree of filling f = 0.5.

60

Declassified and Approved For Release 2013/02/25 : CIA-RDB10-02196R000300080001-3 _'




Declassified and Approved For Release 2013/02/25 : CIA-RDP10-02196R000300080001-3

In bicarbonate solution the same dependence of the uranium concentration on the amount of H,S is ob-
served as in acid medium. However, although Cy in the latter case increases with increasing amount of
hydrogen sulfide only at 100 and 150°C, such an effect is observed in NaHCOj solution at 200°C. In the pres-
ence of small amounts of H,S, the uranium concentrations in acid and carbonate media are very close, but
when Vi.§ = 32 cm?, the concentration in bicarbonate solution is more than an order of magnitude higher
than in sulfate solution. If the effect of hydrogen sulfide on Cy is actually due to the formation of complexes,
then it can be concluded on the basis of the experimental data that a bicarbonate medium is more favorable
for this process. :
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RATE OF GROWTH OF HELIUM PORES DURING ANNEALING
OF IRRADIATED BERYLLIUM OXIDE

A. V. Khudyakoy ‘  UDC 621.039.532.5:621.039.553

The fortunate combination of nuclear and physicomechanical properties possessed by BeO has given
rise to intensive research on the radiation stability of berylliurn oxide at high temperatures. It is known [1]
~ that in BeO components with irradiation temperatures > 800°C, the effects of anisotropic expansion of the
lattice parameters, which lead to failure of components at lower temperatures, become negligible. This {
means that at temperatures > 800°C BeO components would have longer service lives in a reactor if helium-
filled pores did not form at the grain boundaries. Much research on the formation of helium pore in BeO
" has failed to establish the laws of development of pores when helium is evolved from the crystalhne lattlce
in particular, the rate of pore growth has not been measured \

EXPERIMENTAL METHOD

A concentration of about 1.2 -10!? helium atoms per cubic centimeter was created in beryllium oxide
specimens [2] by irradiation at about 70°C with an integral flux of 5-102 neutron/cm? (E = 1 MeV). Then
the irradiated specimens were annealed at 1400.or 1500°C in isothermal conditions. After each annealing
session the specimens were broken apart from the fresh chips we prepared chromium-shadowed carbon
replicas. These were examined in UEMB-100 and UﬁMB 100V electron microscopes. Analysis of possible

" errors and control experiments established that the relative error of mean pore dlameter determination
was less than 10%. _ : ) . /

From each chip we prepared two or three replicas; the area examined was usually 1.5-3 mm?." The
mean pore dimension was found from the pore dimension distribution (Fig. 1). The appearance of pores -
only at the grain boundaries is confirmed by the form of the chips (Fig. 2). By microscopic pycnometry on
polished sections [3] we measured the total pore volume in the annealed specimens.

n
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Fig. 1 - Fig. 2

Fig. 1. Distribution of pore diameters (amiealing for 81 min at 1400°C).

Fig. 2. Helium pores in irradiated BeO (annealed for 5 min at 1500°C; magnification
X 10,000).

Translated from Atomnaya Energlya Vol. 30, No. 1, pp.54-55, January, 1971. Original letter sub-
mitted July 24, 1969; revision submitted August 14, 1970.
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TABLE 1. Changes in Dimensions of iIo- _ RI'ESU LTS

lium Pores during Isothermal Annealing Analysis of electron micrographs of the specimens

Anneal Anneal Area of |Number Mea‘;. annealed at 1400°C reveals that we can distinguish three
f(e:mpemme' time, min [chip, p? |of pores &O;f’erlap' time intervals with different porosity developments. In

the first interval (up to about 20 min) there is a vigorous
separation of fine pores, the dimensions of which could

1400 25 108 328 0,23

1400 30 355 802 0.28 sometimes not be exactly measured. Then (up to 100 min)
1400 35 775 768 0,29 i .

1400 b 6% 293 061 the pores are .mamly.laljger than 0.2 i; however, at the
1500 4 314 833 0,28 grain boundaries vanishingly small pores (50-100 &) con-

1500 15 319 | 36 0,72

tinue to appear. Subsequently all the pores grow; the -
growth rate slows down and the appearance of new fine
pores ceases. After 15 h of annealing the total porosity of
the specimens increases from 8 to 12%. Further annealing (up to 28 h) does not lead to an increase in the
porosity (within the error of measurement which was +0.5%). At 1500°C we were unable to detect the first
stage of pore development, because even after only 4 min of annealing the pores were already as large as
after 30-35 min of annealing at 1400°C. The last stage begins after about 10-15 min and finishes after 4 h,
when the total porosity is 12%; it does not change appreciably on further annealing. " The pore dimensions
were measured in the 1400°C replicas in the second stage of pore development and in the 1500°C replicas at
the boundary between the second and third stages (see Table 1).

The variation of the mean pore dimension is represented by an empirical equation of the form
T=TIot%, (1)

where at 1400°C, 7, = 0.016 &, x = 0.8 % 0.1, and at 1500°C, I, = 0.1 p, x = 0.7 + 0.2, where I is the mean
pore dimension and t is the time in minutes.

DISCUSSION

| The three stages of pore formation are evidently due to changes in helium -emission rate from the
crystal lattice at the grain boundaries. In the third stage new fine pores are not formed: emission of heli-
um from the lattice gradually stops. . In the second stage the pores most probably grow by receiving fresh
portions of gas from the interiors of the grains. This supply of gas also explains the high pore growth rate,
which exceeds the value theoretically predicted by (1) [4, 5], x = 0.5. The growth of the pores is due to the

; high gas pressure in them. Thus for similar BeO specimens [6] it was found that at anneal temperatures of

s . 1400-1500°C the helium pressure in the pores reaches 5000 atm, Pore growth is much influenced by the

grain boundaries which are sources of vacancies. Some part is played by mechanical stresses at grain

' boundaries, due to their anisotropic expansion durihg heating. In any case, we must try to give a theoreti-

cal explanation of the experimentally measured pore growth rates.

Although the kinetics of pore development during high-temperature irradiation will be different from
those in the present case, the results lead us to certain conclusions on the nature of the pore development
process during irradiation. In the first place, we can reckon that in reactors at 1400-1500°C practically all
the helium will be concentrated in the pores. In the second place, at any time during irradiation, the helium
pressure in the pores will be balanced by the surface tension. There should not be marked stresses round
the pores.

These conclusions follow from the fact that pore development from the moment of nucleation until
cessation of growth occurs in a very short time at the temperatures in question.

The author thanks Z. E. Ostrovskii, N. V. Sudakova, and G. S. Balandin for help with the work, and
V.L Khmenkov for useful advice.
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MEASUREMENT OF THE CROSS SECTION FOR FISSION OF
U238 BY 2.5 MeV NEUTRONS, BY DETERMINING THE NEUTRON
FLUX BY THE METHOD OF ACCOMPANYING PARTICLES l

I. M. Kuks, V. I. Matvienko, ' UDC 539.173.84
u. A. Nemilov, K. A. Petrzhak, '
Yu. A, Selitskii, and V. B. Funshtein

Despite the large number of publications {1-3] on determination of the fission cross section of U8 in
the region of the first plateau, the data on this question are unreliable, because the scatter of the measured
cross sections exceeds the error of measurement., Most of the results are presented in the form of a ratio
to the fission cross section of U5 without determination of the neutron flux. Absolute measurements, in
which the neutron flux is measured by means of the recoil protons, are rarer. The most direct method of
monitoring the neutron flux — the method of accompanying particles — was used in measurements of the fis-
sion cross section only for neutrons with energies of 14-15 MeV from the reaction T(d, n)He! [4, 5]; it was
not used for lower-energy neutrons from the reaction D(d, n)He3, Nevertheless, it is the cross sections in
the region of the first plateau which are of greatest practical interest in reactor construction, because they
correspond to the region of maximum neutron yield from the fission of heavy nuclei. For this reason we
have attempted to use the most direct method of accompanying particles to determine ofat E; =2.5 MeV
in the same way as that used earlier at Ep = 14 MeV.

Figure 1 shows a schematic diagram of the experiment. A beam of deuterons was limited by dia-
phragm D, 5 mm in diameter, and fell on target M. We used a thin deuterium —titanium target on a molyb~
denum base 0.3 mm in thickness. To separate He® nuclei with energies of about 0.8 MeV, arising in the re-
action D(d, n)He?®, from the products of the mirror reaction D, p)T, we used a proportional counter C, 20
mm in diameter, filled with argon at 40 mm Hg. The advantage of a proportional counter filled with low-
pressure gas was that protons and tritons lost only a little of their energy in the counter gas, whereas He? 1
was completely slowed down. As a result, pulses from He?
had the greatest amplitude and could be reliably absolutely
counted. To reduce scatter in the He® energy due to emer-
B B 1 gence from various depths in the target, the energy of the
irradiating deuterons had to be reduced to 50-70 keV. Deu-~ !
] terons scattered by the target were absorbed by a nickel

film glued to diaphragm O, 1 mm in diameter, and simul-

taneously serving as the vacuum window of the counter.

Complete absorption of deuterons with energies of 70 keV
120 , " corresponded to a film thickness of 350 ug/cm

100

4 rte Figure 2 111ustrates the distribution of pulses from
. tritons and He® nuclei. As we see from this figure, the re-
S SU. 5__ solution of the peaks decreases somewhat with the passage
l of time, owing to formation of scale on the target. Withthe
amplification used, the proton peak fell in the first few
channels of the pulse analyzer (not shown in Fig, 2).

The relative positions of the uranium target and pro-
portional counter (Fig. 1) were so chosen that the deter-
Fig. 1. Schematic diagram of experiment. mination of the neutron flux to the target was insensitive

Translated from Atomnaya Energiya, Vol. 30, No. 1, pp. 55- 57, January, 1971; Original letter sub-
mitted June 30, 1970.
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Fig. 2. Distribution of amplitudes of pulses in counter. ®) Fresh target; x)
target after 1.5 h of operation with current of 0.7 mA to target. Arrow indi-
cates registration threshold.

to the angular distribution parameters, since the latter were not accurately known. He® ions registered by
the counter corresponded to neutrons incident only in the central part of the uranium target. If the deuteron
energies are low, the angular distribution of the neutrons in the center-of-mass system is given [6] by the
formula ' ‘

g (8) ~1+4cos2 8.

We arranged the center of the target at an angle ® ~ 90°, where the variation of ¢(®) is minimal, so that,
within the solid angle used, the correction for flux inhomogeneity was 2%.

The fission-fragment detector was of mica. This combined high track registration efficiency [7] with
minimum mass of the substance scattering the neutrons. A stack of ten layers of uranium and five layers
of mica was composed so that each layer of mica registered fragments from the two layers of uranium
pressed against it, '

The targets were prepared by vacuum deposition of uranium fluoride (natural isotope mixture) on pol-
ished aluminum foil 0.1 mm thick and 19 mm in diameter. The isotope mixture of the uranium in the target
was checked by special measurements on an o-spectrometer. The total weight of uranium in all ten layers
was about 10 mg and was determined from the a-activity of the layers, measured in an ionization chamber,
and the known specific activity of natural uranium which is 1501/min- 47 - mg [8]..

In constructing the device we paid special attention to reducing elastic scattering of neutrons by the
components in the direction of the uranium layers. Our calculations revealed that the main role here is
played by the parts close to the target M. In the working version of the device, the deuterium —titanium tar-
get was the vacuum-atmosphere boundary and had no fastening device. Vacuum sealing was achieved by lay-
ing the target on a thin indium ring and covering the outer edge with picein. The target was cooled by a fine
water spray from a thin capillary. All the walls near the target were less than 0.5 mm thick.

In a series of control experiments, we estimated the contributions made to the number of registered
fragments by (i) fissions due to neutrons from the famped target formed by the deuteron-beam -limiting dia-
phragm, and (ii) fissions of U2 in the natural uranium, due to thermal and subthermal neutrons. We found
that the first of these factors can be neglected. To estimate the role of the second factor we performed an
experiment with U235, The result of this experiment was subsequently allowed for in the form of a correc- -
tion of 2% to the cross section value. In addition, to check the workability of the apparatus as a whole we
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made preliminary measurements of the fission cross section of U%3® for neutrons from the reaction T(d
n)He!. The value found, 1.13 + 0.04 barn at Ep =14.1 MeV -agrees with the latest data [3].

In all, during the exposures we registered 1300 fragments, In calculatmg the fission cross section’
we made the following assumptions:

i) the efficiency of registration of fissidn- fragments by mica is 96 + 1% [7];
ii) the contribution from fragments due to U2 fission is 2%:

iii) the geometrical correction associated with the finite dimensions of the deuteron beam and the ura-
nium layers in the stack is 1%;

iv) the difference between the neutron beam density in the uranium layer and the density at its center
is 2%; : :

v) the correction for neutrons, -elastically scattered in the components of the apparatus, and incident
on the uranium target, is 4 + 1%;

vi) a correction was made for the efficiency of monitoring the neutron flux and for changes due to for-
mation of scale on the target.

We analyzed the counter pulse amplitudes three times, namely, before, during, and after exposure.
We estimated the relative number of pulses from He® with amplitude below the threshold of registration by
smoothly extrapolating the a-particle peak towards zero amplitude. The mean relative correction averaged
over three graphs was 2 =+ 1%.

Finally we found the cross section for fission of U?® by 2.5 MeV neutrons to be 0.55 = 0.02 barn,
which agrees with the latest values recommended in the literature [3].
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- SPECTRA OF PROTONS FROM (t, pf) REACTIONS OF THE

ISOTOPES U233 y?238 AND Np?37

M. F. Andreev, V. A. Zavgorodnii, UDC 539.125.4:539.173
V. A. Pereshivkin, and V. I. Serov

The (t, p) reaction with subsequent fission of the compound nucleus is convenient for determining the
fission characteristics of nuclei formed from an initial nucleus by addition of two neutrons, By means of
this reaction we can obtain nuclei with excitation energies much lower than the binding energy of a neutron
in the fissionable nucleus. The neutron emission channel is thus closed, which facilitates study of subbar-
rier fission, a process of special interest in the light of Strutinsky's model of the two—humped fission bar-
rier [1].

In this letter we describe the results of measurements of the spectra of protons from the (t, pf) reac-
tion of the isotopes U3, U8, and Np®'; this is the first stage in our study of the fissionabilities of these
nuclei in the reaction (t, pf).

The shapes of the proton spectra enable us to draw some conclusions on the fxss1onab1ht1es of the nu-
clei U235, U0, and Np239,

The work was carried out in a tandem electrostatic generator with tritons accelerated to 13.23 + 0.07
MeV. A schematic diagram of the experiment is shown in Fig. 1.

The target was a layer of oxides of uranium and neptunium isotopes, deposited by vacuum evaporation
on to aluminum substrates with a thickness of about 100 pg/cm?, or on gold substrates with a thickness of
about 400 ug/cm? (NpO,). The thicknesses of the targets used for the measurements were ~ 300 pg/cm?
for U%3, ~400 ug/cm? for U8, and ~700 ug/cm? for Np27,

The protons were detected by a telescope of silicon semiconductor AE —E counters with a solid angle
of 0.14 sr at the target. The thickness of the sensitive layer of the AE detector was 100 p, and that of the
E detector 2 mm. The resolving power of the AE —E counter telescope for protons was 120 keV at a work-
ing detector temperature of —55 to —65°C. To reduce contamination of the "proton® channel by fission frag-
ments and a-particles, a 30 p aluminum foil was placed in front of the telescope. ’

The fission fragments were registered by a silicon semiconductor detector of the surface-barrier
type with a solid angle of 2.45 sr at the target. The fission fragment detector operated at 0-5°C, and its
: resolving power for a-particles with energies of about
5 MeV was 150 keV. '

When the triton beam current was 0.010-0.015 pA,
the total count rate in the "proton" channel for the en-
n | Beam ergy range 4-20 MeV was (5-7)-10° sec™!, and that in
T ’ ’ T7 the fission-fragment channel was (5-7)-103 sec™!; the
coincidence count rates were ~0.6 sec™! for U8, ~1.6
sec™! for U3 and ~3.5 sec™! for Np%7,

Fig. 1. Scheme of experiment. 1) Faraday As a logical circuit for separating the charged
cylinder; 2) monitor for particles scattered particles (P, d, t, &) according to their masses, we used
elastically by the target; 3) fission fragment a multichannel pulse analyzer, the AI-4096, operating
detector; 4) target; 5) AE —E semiconductor in two-dimensional mode. The memory cube of the an-

counter telescope; 6, 7) collimating diaphragms. alyzer was divided up into 16 planes (A E) with 256

Translated from Atomnaya Energiya, Vol. 30, No. 1, pp. 57-59, January, 1971. Original letter sub-
mitted April 16, 1970.

© 1971 Consultants Bureau, @ division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00. :
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Fig. 2. Spectra of protons from the (t, pf) reactions of the isotopes
U238 (a), Np237 (b), and U233 (C).

channels (E + AE) in each. The resolving time of the coincidence circuit was 60 nsec. The spectrum of ‘
random coincidences of protons with fission fragments was measured by the same spectrometric channel \
after a 250 nsec delay line had been switched into the fission-fragment registration channel. !

The spectra of protons formed by the (t, pf) reactions of the isotopes U233, U238, and Np®? are plotted o
in Fig. 2. The dashed curves were plotted by five-point smoothing of the spectra by the method of least 4
squares [2]. ’ :

From Fig. 2 we see that fission of the compound nuclei U?*° and Np?° occurs at excitation energies _
below the binding energy of neutrons in these nuclei. This means that fission of U2 and Np?®® nuclei can "
be induced by thermal neutrons. A distinguishing feature of the fission of these nuclei in the (d, pf) and (t,
pf) reactions [3-6] is that, at excitation energies equal to the binding energy of a neutron in the fissionable -
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nucleus, the fissionability curve displays a sharp change of slope or even a maximum, due to opening of the
channel with emission of a neutron. The same maximum is observed, as a rule, in the spectra of protons
from the same reactions [3-6]. In the spectra of protons from the (t, pf) reactions of the isotopes U%% and
Np%7 (see Fig. 2), these maxima occur at excitation energies of 5.92 MeV (U%) and 6.18 MeV (Np*?), which
are close to the known binding energies of a neutron in these nuclei, namely,Bn = 5.92 MeV for U4 (7] and
Bn = 6.23 MeV for Np?®®. Furthermore, in the spectrum of protons from the reaction Np®'(t, pf) we observe
a peak at E *(Np®3?% = 5.9 MeV, and in the reaction U?33(t, pf) we observe a weak peak at. E *(U24) = 5.3 MeV.
These peaks may correspond to quasistationary states in the second well of the two-humped potential bar-
rier [8]. However, their natures may be accurately determined after the fissionability curves of the Np?39
and U nuclei have been plotted and the angular distribution of fission fragments from the (t, pf) reaction
has been studied.

In the spectrum of protons from the reaction U23(t, pf) the peaks at E * (U%¥) equal to 6.06 and 7.06
MeV correspond to capture of 0.75 and 1.75 MeV neutrons by the U%4 pucleus. Within the accuracy of this
experiment (+0.12 MeV), the positions of these peaks agree with those of the peaks appearing in fission of
2 by neutrons (0.84 and about 1.9 MeV) [9]. This conclusion is based on the fact that the resonances in
the spectra of protons from the reactions (d, pf) and (t, pf) [3-6] have practically the same excitation energy
of the fissionable nucleus as those on the fissionability curves found from the same reactions.

The authors are grateful to B. D. Kuz'minov for kindly making available the large-area semiconductor
detectors.
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AN INTERMEDIATE NEUTRON DETECTOR . : .-

V. 1. Fominykh and O. A. Migun'kov .. +UDC.539.1.074.88

L3

‘Intermediate energy neutrons are commonly counted by slowing them down and recording them with
thermal neutron detectors. Such detectors record intermediate and fast neutrons. It is of interest to devel-
op detectors which have a neutron sensitivity limited to the energy range around 1 MeV and are insensitive
to y-radiation. S ,

In the detector described the moderator consists of two plastic hemispherical shells 114 mm,in dia-
meter with a wall thickness of 12 mm (Fig. 1). The moderator wall thickness was computed from results
in [1 2] - ’ '

The use of SNM-13 corona counters with backgrounds of no more than 2 counts per minute in 'y—flelds '
of 2000 R/h [3] gives the instrument a low y-sensitivity. The detector was cal1brated by usmg neutron
sources with various.average neutron energies. » :

An SbBe(?v, n) source consisting of a standard Shi2
y-source (type SU-11) surrounded by a cylindrical layer
of powdered beryllium 1 c¢m thick and 3 em long and having

TABLE 1. Detector Sensitivity € and Er-
ror A¢ as Functions of Neutron Energy E

ol €, A, a density of 0.86 g/cm?® supplied 25 keV neutrons. The y-
COUHIS/DCUIIO[\ counts.’neutron o . . . . n
: ~ source was placed in an aluminum capsule with a magnetic
0,025eV 1.71.10-3 0.12-10-3 cap which madg possible the remote assemb.ly and disas-
- 25keV 2,29.10-4 0,34-10-4 sembly of the neutron source and also permitted the assem-
;”*"QQZVV 1’76610_4 é)éig'}g:: . bled source to be shifted. At the time the detector was
L] S o . . .
2,8MeV 0 <2,3:10-5 calibrated the total neutron flux was 5-10° neutrons/sec

for a y-source activity of 0.4 g-eq of Ra. .’

A RaBe (v, n) source supplied neutrons with an av-
erage energy of 300 keV, and a PoB (a, n) source supplied
neutrons with an average energy of 2.8 MeV. The total

£,x10~4, counts/neutron

3F 3 1
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Fig. 1. Intermediate neutron detector 1) Sphencal moderator; 2) SNM -13 counters; 3)
cadmium shell. : :

Fig. 2. Sensitivity of intermediate neutron detector as a fuﬁction of neutron energy.

Translated from Atomnaya Energiya, Vol. 30, No. 1, pp. 59-60, January, 19"71'. Original letter sub-
mitted December 12, 1969; revision submitted March 31, 1970. :

" © 1971 Consultants Bureau, a division of Pleﬁum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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neutron flux emitted by the sources was determined by the activation of manganese. The results of these
measurements are shown in Table 1 and Fig. 2.

'In order to obtain an accurate value of the upper energy limit of the sensitivity the detector was cali-
brated with a PoB source placed in a graphite sphere 10 cm in radius. According to [4] the average energy
of the neutrons from such a source is 1.4 MeV. Figure 2 shows that the upper limit of the sensitivity of the
detector is about 1 MeV.

The sensitivity of the detector to thermal neutrons was determined by removing the cadmium shell
and placing the instrument in the thermal neutron flux from a PoBe source placed in a paraffin sphere 15
cm in diameter [5]. The sensitivity determined in this way was 1.71 + 0.12-1073 counts/neutron. The cor-
rection to the neutron temperature from the paraffin sphere was neglected. Assuming that there are no sin-
gularities in the 25 keV to 0.025 eV range the curve of Fig. 2 can be extrapolated to the thermal region.

The intermediate neutron detector developed permits a measurement of intermediate neutron fluxes
of more than 7 neutrons/sec - cm?in y-fields up to 2000 R /h. A '
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USE OF A Ge(Li) y-SPECTROMETER FOR MONITORING
COOLANT ACTIVITY IN NUCLEAR REACTORS V

A. M. Demidov, G. A, Kotel'nikov, _ v v UDC 621.039.534:681.2
and A. A. Oskerko

This paper presents the results obtained by monitoring the activity of the coolant in the pool loop, the
primary loop, the PVO loop, and the PVK loop of the MR reactor at the I. V. Kurchatov Institute of Atomic
Energy (1]. The measurements were made with a sample collector and a germanium —lithium y-spectro-
meter. '

Corrosion Product Content. The sample volume collected for analysis from the pool loop and the pri-
mary loop was about one liter. To speed up the analysis and to remove excess Na2 activity, the sample
was first concentrated to a volume of ~20 cm? by passage through AV-17 resin. In the case of the channel

loops, a sample of ~30 cm? without preliminary treatment was sufficient. The specific isotopic activities
found by spectral analysis are given in Table 1.

As an illustration, a portion of the y-ray spectrum from
the coolant in the pool loop is shown in Fig. 1. ‘
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Fig. 1. Portion of the y-ray spectrum of the pool loop during steady operation.
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Fig. 2. Portion of the y-ray spectrum from PVO loop during breakdown of fuel-element-cladding integrity.

Translated from Atomnaya }:Znerg'iya, Vol. 30, No. 1, pp. 60-62, January, 1971. Original letter sub-
mitted November 16, 1969; revision submitted August 3, 1970.

© 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This. article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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TABLE 1. Isotopic Composition of MR Reactor Coolant

Specificactivity, dis/sec - liter Specific activity, dis/sec - liter
Isotope Tyj2 » Jpool jprimanl PVK | PVO | Isotope T/ poél primary| PVK | PVO
loop  [loop {loop loop . loop loop | loop | loop
Na2¢ | 15h 10000{ 30000 35000] — Zr95 | 63 days — | — | 130 —
Cesl | 28 days 2000 | 100.| 400 | 3000 || Mo® |67 h w0 | — | o | s00
Mns¢ | 291 days 6 ~ | 60 | 1000 || spaee 2,8 days 500 | 30 |- ~ |-
Mnsé | 26h 500 - 60000| 40000 || sbi2¢ | 60 " 150 7 15 80
Co® | 71days 5 | 10 | 160 |[1700 || s 8w 20 | 20 | 300 | 7000
Fed? --| 44 days ‘ 5 — 130 620 [133 21h - 30 —’16 »1600 36 000
Cot® | 5,25 yr 20 | 80 | 2600 | 3000 || pareo | 13days — | 0 | s | —
Cus4 | 13 h 4000 — .- — ‘ W187 | 24 h 700 — 1000 | 10 OOO

The appearance of Na?4 results mainly from the A1*" (n, )Na2! reaction, and the chromium, copper,
antimony, tungsten, and rhenium isotopes result from thermal neutron activation of stable isotopes.

Monitoring Ion-Exchange Filters. By measuring the y-ray spectrum at the entrance and exit of puri-
1 fication devices, a filtration factor was calculated for several elements; it was 5 for chromium, 8 for co-
balt, 20 for copper, 12 for zirconium, 13 for cerium, 5 for iodine, and 6 for barium.

i In one case when exhausted filters were replaced, it appeared that the fresh filters began to contami-~
I nate the loop with certain elements, among which copper was especially prominent. In the primary loop,

| for example, the Na?* concentration increased by a factor of 10, the chromium concentration by a factor of
} 200, and the copper concentration by a factor of 1.6-10f. In addition, Br® and W'®" activities appeared.
|
|
|

Monitoring Transition Processes. The variation in isotopic composition resulting from a sharp pres-
sure drop in a loop was recorded. In this case, the Na? activity was practically unchanged, and the chromi-
um, cobalt, tungsten, and tantalum activities increased by factors of 50-200, which most likely resulted from

: the increase in sludge. »

Breakdown in Integrity of Fuel Element Cladding. A portion of the y-ray spectrum from coolant which
flowed over a ruptured fuel element in the PVO loop is shown in Fig. 2. Loss of integrity occurred when
Fe? and Co®® corrosion activity was being removed from the loop. The energies of the peaks and their iden-
tifications are indicated on the figure. A comparison of the specific activities of volatile and nonvolatile fis-
sion fragments (iodine, barium) and also of corrosion products (sodium, cobalt) enables one to reach some
conclusions about the state of the fuel element cladding. In the case under discussion, the ratio of iodine,
zirconium, and barium pointed to direct contact of coolant with the nuclear fuel and the washing out of the
fuel. There was surface contamination in the cases of the pool loop and the primary loop. In the PVK loop,
| there was gas flow through microcracks in the fuel element cladding.

The authors are grateful to E. N. Babulevich for providing staff assistance during the work at the re-
actor,
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RADIATION YIELD OF Mn3* IN DOSIMETRIC GLASSES

V. M. Trofimov',* D. G. Galimov, UDC 621.387.46:621.386.82:535.345.1
I. N. Dobretsova, N. F. Orlov,
and D. M. Yudin

One problem in dosimetry of large y-ray and electron fluxes is to devise dose indicators in the dose
range up to 3-10% MR at temperatures from —200 to +200°C. A promising material for dosimetry of this
type is glass [1]; in particular, recent work has been done with phosphate glass with various activators
creating an induced absorption band (IAB) under the action of ionizing radiation. The doses of y-rays and
electrons are measured by means of the change in intensity of the IAB. In phosphate glasses, the most suit-
able activator is manganese [2], which has an IAB with Ay = 560 nm, stable at high temperatures (400°C).
The IAB is due to the reaction

Mn2+ 4 kv =Mns+ 4.

Unstable hole centers {3, 4], formed at nonbridging oxygen atoms in pentavalent phosphorus sites,
lead to formation of an IAB in the main glass, partly overlapping the IAB of Mn3t,

As a result of competition from manganese, at comparatively low manganese concentrations the IAB
of the base is suppressed. To choose the optimal initial concentration of manganese in phosphate glasses so
as to give a stable IAB, we studied the radiation yield of Mn®*". We studied two glass compositions based on
sodium —calcium (0157) and potassium —calcium (0160) metaphosphate. ‘

The IAB is more intense in irradiated 0160 glass than in 0157 glass. To these bases we added Mn2*" .
as activator in the following concentrations: 0.2, 0.4, 0.8, and 2 mole % above 100 mole %.

* Deceased.

n10%cm-3
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301 "
. ’A”’
—
/// o —
o —
170 MR / T
125 2,0_ / — 1
-~ .
84,2 ) ///,x -
43,0
/ e 4
j/,c--- - 3 4 10 Y
0 ' -
=N . .
1 I | ] 1 L ] 1
2 . 0,5 10 15 20 Cyp,% 0 25 50 7 06 D, Mr
Fig. 1 : Fig. 2 :

Fig. 1. Intensity of IAB with Ay, = 560 nm, versus Mn?** concentration.

Fig. 2. Number of Mn* jons versus dose, according to EPR data, for glass 0160. Initial man-
ganese concentrations (in mole %): 0.2 (0); 0.4 (X); 0.8 (A); 2 (®).

Translated from Atomnaya f}nergiya, Vol. 30, No. 1, pp. 63-64, January, 1971. Original letter sub-
mitted July 29, 1969. : . .

© 1971 Consultants Bureau, a division of’Plenum Publisking Corporation, 227 West 17th Street, New York,
N. Y. 10011. Al rights reserved. This article cannot be reproduced for any purpose whatsoever without
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TABLE 1. Radiation Yield of Mn3* Ions Figure 1 plots the intensity of the IAB with Ay, = 560
(According to Fig. 2) ‘ ‘nm versus the Mn?" concentration for glass 0157 (dashed
} Dose Dose curves) and 0160 (solid curves). We see that in glass 0157,
Cyips mole . : . .
%M“- range, Gy, range, G, the IAB of the base is practically entirely suppressed at
MR [ions/100eV i MR ions/100 eV concentrations of Mn?* above 0.2 mole % (the IAB intensity

increases with the Mn®* concentration). In glass 0160, the
IAB of the base is suppressed only at concentrations of

i _8:2 8:%(5) (1):(7)2 ' 32:188 8108 Mn2* above 0.8 mole %; at Mn?t concentrations below 0.8
0,8 0—30 0,75 35—100} 0,098 i er th r Mn concentrations above
98, - 08 il 00e mole % AS is greate an fo cone a v

0.8 mole %, because the coloration process is made up of
two processes, namely, coloration at hole centers of the
base, and coloration at Mn®" ions; the former is the more
intense process.

From Fig. 1 we seé that the maximum radiation yield of Mn3+ ions is to be expected at manganese
concentrations near 0.8 mole %.

The results of EPR investigations confirm the presence of maximum radiation yield of Mn3+ ions at
the stated activator concentration in glass 0160 (Fig. 2). Measurements of the amount of Mn3+ formed dur-
ing irradiation of the glasses were made by measuring the difference between the EPR signal amplitudes
due to Mn2t ions before and after irradiation. The number of Mn3* ions increases with the activator
concentration up to 0.8 mole %, and then tends to decrease. The explanation is apparently that manganese
can occur in the glass network in two ways,

At small concentrations, 1solated Mn?*t centers are formed, at which migration of holes in the base
terminates. Owing to the nonuniform distribution of the activator, when its concentration increases there:
is a rise in the probability that two manganese ions will adjoin one another. In this case there is an in-
creased probability. of exchange of charge carriers between manganese ions, which promotes acceleration
of the recombination processes and reduces the radiation yield of Mn®*. These effects are revealed when
we analyze the changes in intensity of the optical and paramagnetic absorption spectra of manganese versus
its concentration in the glasses. ' : '

The data on the radiation y1e1d of Mn3" ions, taken from Fig. 2, are listed in Table 1, where Gy and
Gyy are the radiation yields of Mn3t , for activator concentrations of 0.2, 0.4, 0.8, and 2.0 mole %, for the
given dose ranges. These results can be used to plot S versus D by means of the Smakula formula [5].

Thus we find that Mn®* ions are responsible for the formation of an IAB with Ay, = 560 nm in phos-
phate glass; the intensity of this IAB is a maximum when the initial manganese concentration is about 0.8
mole %. This manganese concentration secures complete suppression of the unstable IAB of the base, and
this improves the dosimetric characteristics of the glass —i.e., its ability to retain the information for a
long time and its capacity for operation at high temperatures. In addition, as we see from Fig. 1, this con-
centration avoids saturation of the (S, D) curves over a wide range of doses (~200 MR).
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COMPARISON OF COMBINATION AND DISPERSE
AIR-EQUIVALENT SCINTILLATORS

M. I. Arsaev, V. A. Krasnikov, UDC 535.373.1:539.1.083:537.531:539, 122
and B. G. Margulis

The basic, and most widely used, method for producing air-equivalent scintillators is the introduction
of a compensator which has an effective atomic number greater than that of air into a scintillator with Zeff
< Zeff air [1-3]. The compensator can be introduced into the base scintillator in the form of organometallic
chemical compounds; it can enter into solution with the base scintillator or can be dispersed in the form of
fine granules within the base. This type of air-equivalent scintillator we shall call a disperse scintillator.

If the compensator is a scintillating compound, one can create another type of scintillator — the combination
scintillator, in which the compensator is located above (with respect to the incident y-ray flux) and the base
scintillator is below [4].

An advantage of the disperse scintillators is their uniform composition and consequent excellent iso-
tropy. However, the introduction of a compensator leads to a deterioration of the optical properties of a
detector, which reduces its sensitivity and increases the energy dependence of the sensitivity because of
changes in the light collection coefficient resulting from nonuniform distribution of the specific energy ab-
sorption for soft and hard radiation over the length of the scintillator.

The main advantage of combination scintillators over disperse scintillators is the smaller energy de-
pendence, other conditions being equal. This is because it is energetically more advantageous if the y-
radiation is directly absorbed in the high-Z material (compensator) and absorption of the attenuated flux
then occurs in the base scintillator as compared with the case where the y-ray flux is absorbed in a dis-
perse scintillator. Consequently, a smaller amount of compensator is required for compensation of the
change in energy sensitivity of the base scintillator, and the y-ray flux attenuation factor over the length
of the scintillator is reduced leading to an improvement in this detector parameter. Combination scintil-
lators also have better sensitivity because the compensator is not introduced into the base scintillator and

44
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Fig. 1. Variation in energy sensitivity, x, as a function
of A for three scintillator thicknesses: ) disperse
scintillator; — — —) combination scintillator.

Translated from Atomnaya Energ1ya Vol. 30, No. 1, pp. 64-66, January, 1971. Original letter sub-
mitted October 24, 1968; revision submitted January 4, 1970
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TABLE 1. Values of A and Relative Light thus does not degrade the transparency of the base. Among
Yield the deficiencies of the combination scintillators, one should
' Relative note their anisotropy with respect to the direction of y-ray

Coefficient A lightyield fluxes.

icm{ 2cm | icmj 2cm

Type of scintillator

For a quantitative evaluation of the parameters of
combination and disperse scintillators, calculations were
made of the minimum possible values of the variation in
energy sensitivity for given thicknesses of the scintillators
mentioned; the calculations were experimentally checked
using a scintillating plastic with Z = 5.6 as the base scintil-
lator and ZnS(Ag), with Z =27, as the compensator. Quantitative changes in sensitivity were calculated on
the basis of published data [4, 5], where expressions were obtained for the relative efficiencies 7 (E) of com~
bination and disperse scintillators, and where it was shown that, other conditions being equal, the variation
in energy sensitivity of disperse scintillators depended on the ratio of the conversion efficiencies of com-
pensator and base, A = Gecomp/Gpase» and that of the combination scintillators on the ratio A = GeompKeomp
/ CpaseKbage» Where Keomp and Kphage are factors which determine the fractions of the light energy arriving
at the photomultiplier photocathode produced respectively in the compensator and in the base.

Combination 5,0 | 4,
Disperse 3,0 | 3,

[y
ot

Figure 1 shows the optimal values of the variation in sensitivity, which is defined as x = (%W max—"7min
/”m'ax + Nynin) 1009%, as a function of A (calculated for a special case; the energy dependence of Geomp and
Ghage Was not taken into account, nor was the energy exchange between compensator and base because of
the escape of secondary electrons). As is clear from the figure, the variation in sensitivity is considerably
less for combination scintillators than for disperse scintillators, with the degree of advantage depending
significantly on the energy range of the y-rays detected, on the value of A (for sufficiently small A), and,
to a lesser extent, on the scintillator thickness. To obtain a minimum variation in the sensitivity of com-
bination and disperse scintillators, therefore, it is necessary to use the optimal values of A for each type
of scintillator, which may differ significantly for the identical compensators and bases because of differ-
ences in the optical characteristics of the scintillators and differences in construction,

It has been shown [6] that for disperse scintillators using ZnS(Ag) as a compensator and a scintillat-
ing polystyrene plastic as a base, the best results with respect to this detector parameter are obtained with
type K-430 ZnS(Ag), for which Gcomp/Gbase = 3. Type FS-4 ZnS(Ag) phosphor, although it has a light out-
put 35% greater than that of K-430, gives much the same results because the small size of the phosphor

X - — [ =
401 . a ] L0 b

30
201

10

Zbﬂ 3&0 4;70 500 T 200 3130 4;]0 Pbase/P::omp
Fig. 2. Dependence of variation in energy sensitivity on the ratio Py, q0

/ Pcom for combination and disperse scintillators 1 em (a) and 2 cm (b)
thick: 1, 2, 3) disperse scintillators at the respective energy ranges 15-
1250, 20-1250, and 30-1250 keV; 4, 5, 6) the. same for combination scintil-
lators; the points are experimental values (keV): @) 15-1250; @) 20-1250;
¥) 30-1250,
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granules leads to a larger energy loss resulting from the escape of secondary electrons from the granules.

However, the sensitivity of such a detector is less than that of a detector with K-430 because of poorer op-
tical characteristics. '

For a combination detector, it is more advantageous to use the FS-4 phosphor because granule size
is of no importance in this case. The numerical value of the coefficient A for combination scintillators was
obtained experimentally from the ratio of "practical yields" (ratio of scintillation detector current to ab-
sorbed energy) for a type FS-4 ZnS(Ag) compensator and a scintillating plastic.

Table 1 gives values for the factor A and for the technical light yield for combination scintillators 1

and 2 ¢m thick, with the light yields being given relative to the light yield from an optimal disperse scintil-
lator of the same thickness. ,

For these scintillators, Fig. 2 shows the dependence of the calculated values of the variation in sensi-
tivity on the ratio of the base weight to compensator weight, Ppyge/ Peomp (the energy dependence of Geomp
and Gpage and the energy exchange between base and compensator were taken into account in the calcula-
tions). It is clear that the caleulated and experimental values for the variation in sensitivity for disperse
and combination scintillators are in good agreement.

Finally, it must be pointed out that for both combination and disperse scintillators in which ZnS(Ag)
is used as a compensator and a polystyrene scintillating plastic is used as a base, the variation in sensitiv-
ity at energies above 30 keV is practically identical. At energies below 30 keV, the sensitivity variation for
combination scintillators is considerably less than that for disperse scintillators: 75% less in the range 14-

125keV for 1 and 2 cm thicknesses, and 55 and 65% less for thicknesses of 1 and 2 em, respectively, in the
range 20-~1250 keV. - : o '
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POSSIBItITIES OF OIL-WELL LOGGING WITH A
‘Ge(Li) y-DETECTOR AND Po —Be NEUTRON SOURCE

L. I. Gorov, A. M. Demidov, : UDC 550.835:553.9
‘and V. A. Ivanov

This paper describes the possibilities for performing neutron logging of exploratory oil-wells with a
Ge(Li) y-detector and a Po—Be neutron source.

The studies were made with a2 model of an oil-well that resembled the actual conditions. The stratum
model used is shown schematically in Fig, 1. The tank 9 in which it was set up was 800 x 800 x 700 mm in
size. The steel casing 4 had an internal diameter of 150 mm and a wall thickness of 10 mm; the cement ring
7, which surrounded the casing, was ~ 35 mm thick.

The tank was filled in turn with fresh water transformer oil, and dry sand 8 (porosity, 40%) saturated
with fresh water or oil.

Inside the steel pipe there was a Ge(Li) +y-detector 1 with a 2.5 cm?® sensitive volume and a Po—Be
source with an activity of 2-3-10" n/sec. The detector was shielded against the neutron and y-radiation
from the Po—Be source by a lead block 2, which was 150 mm long and 60 mm in diameter, and by a 4 mm
layer of Li®F or by a shield of boron carblde (B4C) 3 and lead 2. The separation between detector and source
was ~200 mm. To account for the effect of moderator (oil
or water) in a well, a paraffin cylinder 6, with a shape which
corresponded to the eccentric location of a logging instru-
ment in a well, was emplaced in the model well. The first
experiments were carried out with the detector and source

. in a steel pipe 125 mm in diameter with a wall 10 mm thick
(simulation of the wall of logging device). Subsequently,
the additional pipe was removed, and studies were made .
of the use of aluminum or zirconium alloys for the casing
of the logging device.

The electronics consisted of a preamplifier, main
amplifier with discriminator, and a 110 channel pulse
- height analyzer, and provided a resolution of 9-18 keV in
the energy region Ey =1.8-8 MeV during the experiments.
Determination of y-line energies was made with a preci-
sion pulse generator having an error less than +5-7 keV,

/ : The determination of oil~ and water-bearing strata
and of rock porosity and the establishment of the oil —water
boundary is associated with the elemental analysis of the
main components of the stratum, In the case of sandstone,
the elements are silicon, oxygen, carbon, and hydrogen (in
limestone, there is calcium in place of silicon) [1-3].

Fig. 1. Diagram of experimental arrange-

- ment: PA) preamplifier; MA) main ampli- Such elements as silicon, calcium, and hydrogen are
fier; LD) linear discriminator; PHA) pulse easily determined through the y-radiation from radiative
height analyzer; PG) pulse generator. capture of thermal neutrons [1]. Characteristic lines are

Translated from Atomnaya Energiya, Vol. 30, No. 1, pp. 66-69, January, 1971. Orlgmal letter sub-
mitted June 18, 1969. :

© 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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d Fig. 2. Characteristic y-lines and y-spectra
Si(n) in a model of a dry borehole with a light casing
(N is the number of counts): a) carbonline mea-
o(an'y) sured in a stack of paraffin blocks; b) carbon
lines in the spectrum from oil-bearing sand; ¢)
oxygen and silicon lines in the y-spectrum from
dry sand (it is clear that there are no y-lines
from the radiative capture of neutrons in iron
and silicon); d) the same lines in the spectrum
£,Mev  of oil-bearing sand.

the 4.936 MeV line of Si%?, the 6.420 MeV line of Ca?!, and the 2.223 MeV line of D?. At the same time, oxy-
gen and carbon have very small thermal neutron capture cross sections and are practically undetected.
However, in both oxygen (0'®) and carbon (C!?), the first excited states are very high, which creates a fa-
vorable opportunity for their detection by means of the y-radiation from inelastic scattering of fast neu-
trons. Here the characteristic lines are the 6.131 MeV line of O'® and the 4.443 MeV line of C2.

A feature of the y-radiation accompanying fast neutron scattering is the broadening of the y-lines
when the lifetime of the state is less than the slowing-down time of the recoil nucleus. The observed broad-
ening of y-lines depends on the angle between the direction of the incident neutron beam and the direction
of observation; it also depends on the neutron energy (~fE—n) and the mass of the recoil nucleus (~1/m).
The lifetime of the 4.433 MeV line in C!2 is 4.6 -10714 sec, which is less than the slowing down time of the
recoil nucleus. If the angle of observation is close to 90°, the broadening is minimal and should be 50-60
keV for neutrons from the Po—Be source. The experimentally determined width of the 4,43 MeV line was
50 keV (for the case of a pure graphite pile). '

The great width of the 4.43 MeV line from C'? sharply reduces the sensitivity of the neutron method
for the determination of carbon content in rock because the inherent resolution of a germanium detector at
this energy is 10-12 keV. However, the Doppler broadening of the C!? y-line is four to five times less than
the halfwidth of the peak obtained in a spectrometer with a NaI(T1) crystal. The Doppler broadening of the
6.131 MeV line from O'® (nn'y), and also of the 1.78 MeV line from Si%® (nn'y), is considerably less.

Preliminary experiments with a Ge(Li) y-detector and Po—Be source were performed under less rig-
orous conditions than those described above: the oil-well was dry, there was no cement ring, and the wall
thickness of the steel casing was 5 mm. In the resultant spectra, one could clearly distinguish the charac-
teristic lines from the radiation capture of thermal neutrons in H!, Si%®, and Fe®, and from inelastic scat-
tering of fast neutrons by Si2%, O'%, and C!2. Some of the results are shown in Fig.2.* Also shown are the
y-lines from C!?, which were obtained when the source and detector were surrounded by paraffin.

A feature of the y-spectra obtained in a dry oil-well without a cement ring is the complete absence of
v-lines from the radiative capture of thermal neutrons in sand. With oil- or water-saturated strata, the
lines from radiative capture appear (lines from inelastic neutron scattering are present in both cases).
Consequently, in a dry oil-well without a cement ring, the hydrogen concentration in rock can be determined
from the ratio of the intensities of the 4.936 MeV line from Si%® (n+y) and the 1.78 MeV line from Si?® (nn'y).

* Always present in the spectra are peaks resulting from the emission of two annihilation quanta in addition
to the 1.78 MeV line from Si?® (nn' ) and the 2.223 MeV line from H(n, 'y)Dfor which the total absorption
peaks are given.
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Fig. 3. Characteristic y-lines of hydrogen, carbon, oxygen, calcium, and iron in y-spec-
tra obtained in a model of an actual borehole with the tank filled with (a) fresh water and
(b) oil (it is obvious that the characteristic 4.936 MeV y-line of silicon is absent).

The type of moderator (oil or water), and particularly, the oil —water boundary, are determined by the pres-
ence in the spectrum of the characteristic y-lines of carbon (the contribution of the 4.405 MeV and 4.462
MeV lines from Fe*®(nvy) to the C%(nn'y) peak in Fig. 2b is ~20%).

In the experiments with a model of an actual oil-well, it is necessary to note that the same character-
istic y-lines were present but conditions for making an analysis of elemental content were not as good.

A comparison is given in Figs. 3 and 4 of portions of y-spectra obtained from dry sand, sand satu-
rated with fresh water and oil, and for the case where the tank was filled with water and oil without sand.
The presence of hydrogen nuclei in the cement ring (65% CaO, 15% H,0, and 20% SiO,) and in the oil-well
leads to a situation where y-lines from the radiative capture of thermal neutron in hydrogen, silicon, and
iron are present even in spectra obtained from dry sand. However, the intensity of these lines in the case
of sand saturated with water or oil is considerably greater than in the case of dry sand (a factor of two for
the hydrogen line at 2.223 MeV), which makes it possible to arrive at some conclusion with respect to the
hydrogen concentration in surrounding rock.

Of undoubted interest is the peak resulting from the inelastic scattering of fast neutrons by oxygen.
This peak is clearly distinguished in all cases except for the experiment with the tank filled with oil with-
out sand present. The intensity of the peak at 6.131 MeV from O!® varies as a function of rock composition
in proportion to the oxygen content and also because of the variation in the fast neutron flux distribution in
the stratum. In the experiments, particular consideration was given to the peak at 4.43 MeV, which is the
most reliable indicator of the presence of oil. In Figs. 3 and 4, the peaks at 4,217, 4,405, and 4,462 MeV
belong to iron, and the peak at 4.420 MeV is from Ca’'. A broad line belonging to C'? is observed against
the background of the lines enumerated above in Figs. 3b and 4c. The contribution of the peaks resulting
from the radiative capture of thermal neutrons in iron can be taken into account sufficiently accurately by
means of the intensity of the iron line at 4.217 MeV. The ratio of the intensities of the y-lines with energies
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Fig. 4. Characteristic 'y-linés from hydrogen, carbon, oxygen, silicon, calcium, and iron
in y-spectra obtained in a model of an actual borehole w1th the tank filled with (a) dry
sand, (b) sand and water, (¢) sand and oil.

of ~4.4 MeV to the intensity of a characteristic Fe®' y-line, the 4.217 MeV line, for example, can be taken
as a quantity. which characterizes oil content in rock. When the tank was filled with water, this quantity was
3.35 + 0.54; when it was filled with oil, the value was 4.65 * 0.65,

In working with sizable samples, the ratio of peak height to base is considerably poorer because of
the large background of scattered y-rays. The vy -rays from the radiative capture of thermal neutrons in
Fe® causes the greatest difficulty. In this regard, the use of a pulsed neutron generator is of interest be-
cause it appears possible to achieve a time separation in the detection of y-rays from the rad1at1ve capture
of thermal neutrons and those from inelastic scattering of fast neutrons.

In conclusion, we wish to thank Yu. S. Shimelevich and N. V. Popov for fruitful consultations during
the preparation and performance of the experiments.
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DEPTH VARIATION OF ABSORBED DOSE IN MATERIALS
IRRADIATED BY FAST ELECTRONS

L. V. Chepel! ‘ . UDC 621.039.83

The efficient utilization of the radiation from electron accelerators in continuous irradiation pro-
cesses requires that the depth of penetration of the electrons be nearly equal to the thickness of the irradi-
ated material. However, in view of the characteristics of the interaction of fast electrons with matter, the
distribution of absorbed dose through the material will vary by nearly 100% (Fig. 1) [1]. Therefore it is
common practice to move the material to be irradiated through the electron beam [2], frequently several
times [3]. This permits an efficient utilization of the electron energy and at the same time improves the

. uniformity of the irradiation of the material with depth. An example is the irradiation of thin material

(thickness appreciably less than the electron range) wound on a spool rotating with a constant linear speed,
or material "snaked" through a series of rollers. In this case it is necessary to satisfy the above relation
between the electron range and the total thickness of the material being irradiated.

Figure 1 shows the depth distribution of absorbed dose in material irradiated by electrons as a func-
tion of the electron range R. Then for a thickness h of the irradiated material the electron energy will be
completely utilized if the material passes through the beam n times in such a way that each time there will
be a new discrete value of the absorbed dose given by the curve of Fig, 1, In this case nis given by n = Ry,
/h, and the depth variation of the irradiation of the material should decrease with increasing n.

An attempt was made in [4] to estimate the variation of the absorbed radiation dose when the electron
source was a pulsed accelerator. It was assumed that the distribution of absorbed electron energy was uni-
form over a thickness of material equal to 2Rm /3.

D
Dm———7 : % -
17:("—{ . ' gu
| _ .
/l 40
i il o,
| | 1N
| | 20
{ h . , \
! R 10~ \\\ "
! Ry . R, . \\\2.
-9 m : 0 2 4 § & o
Fig. 1 Fig. 2

Fig. 1. Depth distribution of absorbed dose in material irradiated by elec-
trons as a function of electron range.

Fig. 2. Variations of absorbed radiation dose () as a function of n,

Translated from Atomnaya f)nergiya, Vol. 30, No. 1, pp. 70-72, January, 1971. Original letter sub-
mitted January 13, 1970.

© 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Sireet, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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TABLE 1. Formulas for Estimating Variation (n) of Absorbed Dose in Irradiated Ma-
terial of Uniform Thickness '

. Variation of absorbed dose in irradiated material
Type of . . .
indi General term of summation
winding general form special case
h=n—1{ h=n—1 ) o
4.5 RZO Dr 21 D ' 1.2@?

Spool Dy = 0.5Dp [ 1-+sin (m m02)] - =g e — ot —
> Dut Y Dy 2ntg——+1
=0 B=1

"Snake" (n

even) Dop == 0.5Dp, [1+sin (fk—5 h2k+0_2)] n= =0 =1
Rm . . (h._ﬁ; -1 k=% .

2 Doy + Dzk-x) —Dyq 2.25

hgo - gi : tgd——
=33
_n_1 _n_ 1 k 2ntg — 41
A= 2 k—‘z 2 nig n +
“Snake” (n | Doh-1=0,5Dm X 2 Z Dy — 2 Dgy—y | Dy

odd)

X{i+sin[%h(2k—1)+0.2]} n= (h=12-_; ! )
2

Let us consider a more accurate solution of this problem when the depth variation of absorbed dose
in the material can be described analytically. For matter with a density close to unity and electron energies
from a few tenths of an eV to a few MeV the curve of Fig. 1 can be quite accurately approximated by a seg-
ment of a sinusoid with a period T = 2R' and a phase ¢ = gin™! (2Dy /Dy ~1),

. 2% . 14 . Dy
= = = = =2 1 . 1
D=0,5Dp, [1+sm ( T R—I—q>)] 0.5Dp, {1-{-51}1 [R’ B+arc81n (sz )] } ( )
Equation (1) takes account of the change in shape of the absorption curve at low electron energies (less
than 1 MeV,where the ratio Dy/Dy, increases due to the absorption of ‘an appreciable part of the beam en-
ergy in the diaphragm of the beam exit window. The same will be true if absorbing filters are introduced
into the beam to flatten the dose from Dy to Dyy,. '

In a special case of the curve of Fig. 1 the coefficients appearing in Eq. (1) have the values Dy ~ 0.6
Dy, and T = 2R' = 1.4 Ry, and the distribution of absorbed dose has the form *

‘D= 0.5D,, [1+sin (4;:f+o.2) ] . . (2)

Neglecting the gap between layers, in the general case when h < R, the dose Dy absorbed in the ma-
terial in its multiple passage through the beam is given by . :

2

h=n h=n
Dy=3 Dp=05Dp 3 [1+sin(4';§’* —1—0.2)], (3)
k=1 ) h=1
where
Rk=kh_—£ . (4)

Hence after summing by using the well-khown formula [6] we obfain

Dy = 0.5Dn (1+—L§23—) . v (5) -

nsin ——
n
When h < Ry

* This expression has nearly the same coefficients as a similar expression obtained in [5].
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Rom
S DR, (6)

0

D'2=5ﬂz
where D is the average value of the absorbed dose over the segment Rm. After integrating and using Eq.
(2) we have :

D% = 0.61Dpyn. , (7)

It is easy to show that in the limit n — « Eq. (5) goes over into (7) and the differe‘nce between Dy and

-Dy' is no more than 1% for n > 6.

According to (4) the dose calculated from Eq. (5) is the "average" (close to the amthmetm mean) of the"
doses at opposite surfaces of the irradiated material, and for small values of n the depth variation of the
absorbed dose can become appreecidble.

Table 1 gives formulas for estimating the depth variations of the absorbed dose in irradiated materi-
al, derived from Eq. (2) for a special case. Figure 2 shows the variation of the absorbed dose as a function '
of n, obtained for a single material of uniform thickness irradiated when wound on a spool (curve 1), and
when "snaked" through rollers (curve 2). It can be seen that the second method of moving the material-
through the beam is to be preferred for n > 3. In general the calculational method discussed can be used
within the limits of validity of Eq. (1) to describe the actual depth variation of absorbed dose in irradiated
material to the accuracy given.
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NEWS ‘

XXVIII SESSION OF THE SCIENTIFIC COUNCIL OF THE
JOINT INSTITUTE FOR NUCLEAR RESEARCH

V. A. Biryukov

The XXVIII session of the Scientific Council of the Joint Institute for Nuclear Research (JINR) was
held in Dubna in June, 1970. The session was opened by the director of the institute, Academician N, N,
Bogolyubov, who reported on the fulfillment of the decisions of the scientific council.

The first session of the scientific council was devoted to the 100th anniversary of the birth of V. I. {
Lenin. Professor D. I. Blokhintsev gave a report entitled "Lenin and physics." He discussed the difficul-
ties and contradictions in the development of physics near the beginning of the twentieth century and the
large role played by Lenin, not only in defending science from various idealistic interpretations, but in ex-
plaining the fundamental aspects of natural science. Lenin's work "Materialism and Empiriocriticism," in
whichhe gave a profound analysis of the methodological problems of natural science of that day and indi-
cated the paths to their solutions, was of particular importance for physics. In examining this work, Bogo-
lyubov discussed Lenin's opinions on the problem of the relative and absolute, the inexhaustibility of the
electron, regularity, space, time, the microscopic world, and the unity of the universe,

Vice-directors of the institute Academician Kh. Kristov and Professor N. Sodnom discussed scienti-
fic-organizational problems. They reported on the work of the council section on high-energy physics and
low-energy physics and the decisions adopted by them. The council approved new compositions for the
specialized committees of the institute.

The results of studies which have been ordered by the scientific council were- reported at the session.
E. D. Vorob'ev discussed a study of the possible production of monochromatic particle beams on the U-200
accelerator. V., P. Dmitrievskii discussed the development of a proton cyclotron with an energy adjustable
up to 40 MeV on the basis of the magnet of the U-120 accelerator. Nguyen DingTe and I. M. Gramenitskii
discussed the possibilities and programs of physical research on the 2 m bubble chambers — the propane
bubble chamber at the Serphkhov accelerator and the liquid hydrogen one currently being tested in Dubna.
Yu. K. Akimov reported, on behalf of the Council on Radio Electronics, a study of the possible standardiza-
tion of the electronic apparatus in the JINR and in the institutes of the participating countries.

The JINR laboratories were represented at the session by reporis on the scientific research com-
pleted. G. V. Efimov discussed a study of nonlocal quantum theory of a one-component scalar field. The
axioms of nonlocal theory have been formulated. A class of relativistically invariant generalized functions
has been introduced which may play the role of cutoff functions in perturbation theory for the S-matrix.
For interaction Lagrangians of the polynomial type, the S-matrix is finite and satisfies the requirements
for unitarify and macroscopic causality in each order of the perturbation theory. The electromagnetic and
weak interactions of leptons have been treated by perturbation theory. It has been suggested that the neu-
trino is a "carrier" of nonlocality; this essentially reduces to the appearance of a form factor in the pro-
pagator for a free neutrino. The fields of charged leptons (the electron and the i -meson) are assumed
point fields, so the gradient invariance of the theory is ensured. Renormalization of the theory leads to an
additional, purely neutrino —neutrino interaction.

V. G. Solov'ev discussed the development of the self-consistentfield method in nuclear theory. The
method as formulated by Bogolyubov has been used in these studies. A system of basic equations has been
obtained for a semimicroscopic description of nuclear vibrations. It has been shown that the equations of
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the self-consistent field method yield equations for the effective fields in the theory of finite Fermi systems,
secular equations for models with pairing and multipole forces, and equations for the theory of pairing vi-
brations.

Laboratories in Alma-Ata, Budapest, Dubna, Krakow, Sofia, Tashkent, and Ulan-Bator have carried
out a joint study of the interaction of 7~ -mesons at energies of 45 and.60 GeV with nucleons and nuclei, using
nuclear emulsions irradiated at the Serpukhov accelerator; K. D. Tolstov discussed this study. The number
of particles created in collisions with nucleons and the asymmetry in the CM system have been studied as
a function of the energy; the dependence of this asymmetry on the number of particles created has also been
studied. It has been shown that there is a significant increase in the cross section for coherent particle gen-
eration at nuclei as the energy increases. There is particular interest in the study of coherent generation
of particles and complete nuclear decay, in which the questions of the physics of high-energy particles are
intertwined with the physics of the atomic nucleus.

I. A. Savin discussed an experimental study of the regeneration of K’-mesons on the accelerator of
the Institute for High-Energy Physics. He discussed the physical program and the state of the experiments,
in which one of the fundamental theorems of elementary-particle physics — the Pomeranchuk theorem — may
be checked; estimates have also been obtained for the size of neutral K-mesons. The research is being car-
ried out by modern procedures with magnetostrictive chambers and counters operating in combination with
the BESM-3m computer. The entire apparatus consists of 18 high-efficiency chambers giving the X- and Y-
coordinates of the tracks within 0.3 mm, and about 50 counters reading the events and triggering the spark
chambers. The computer receives the information from the chambers and counters, refines it, and stores
it on magnetic tape. The operation of the spark chambers and the counters is also monitored by means of
a special program. The information recorded is later treated in Dubna on BESM-6 and SDS-1604 A com-
puters.

L. L. Nemenov discussed a study of the reaction
np — nete~, (1)

which has been carried out on the synchrocyclotron at a meson energy of 275 MeV. These experiments have
permitted a study of the inverse photoproduction of the m-meson, #"p — ny* (a time-like photon); in prin-
ciple, an analysis of reaction (1) can reveal data about the electromagnetic structure of the m-meson and the
| nucleon in the time-like region. In all, 63.4 + 11.7 events corresponding to reaction (1) have been detected.
' On the basis of these statistics, the cross section for the reactlon is Aoexp = (6.4 = 1.5)107%! em?. Current
) theoretical calculations yield Aotheor = (8.2 * 1.6)-1073* cm® under the assumption that rq = rp = 0. Cal-
culations of the theoretical cross sections for various combinations of r,; and r, yield, along with the exper—
| imental data, the 95%-probability estimates rq, rp = 0.7F,

V. G. Zinov discussed a study of the spectra of charged particles emitted during the capture of ;™ -
mesons by nuclei, In experiments on the synchrocyclotron, the charged particles emitted during the absorp-
tion of y~-mesons by the nuclei ?%si, 28, “Ca, and ®‘Cu havebeenidentified by mass. The energy spectra and
probabilities for proton and deuteron emission at energies above 15 MeV have been measured. The energy
spectra have been obtained up to ~ 60 MeV. As the nuclear charge decreases, the relative number of deu-
terons in the total number of charged particles increases from 34.1 + 2.6% for 253i to 17.2 + 3.6% for 54Cu
at secondary particle energies above 18 MeV. The proton emission probability reaches a maximum of (13.04
4 1.05) - 107 near calcium for proton energies above 15 MeV. The experimental results indicate a cluster
nature for the absorption of y-mesons predominantly in the surface layer of the nucleus.

Yu. Ts. Oganesyan reported the results of fusion and a study of the spontaneously fissionable isotope
of the element 105. When *3Am was irradiated by 2?Ne ions accelerated on the cyclotron, an emitter of
spontaneous fission fragments was detected with a decay halflife of 1.8 * 0.5 sec; the yield corresponds to
a formation cross section of (5.0 + 1.5)-1073* em? for the spontaneous fission branch. The integral angular
dependences of the products of the 3Am + *’Ne reaction were measured, as was the dependence of the cross
section for the formation of the new isotope on the energy of the bombarding ions, It follows from these
data and from an analysis of control experiments that the atomic number of the isotope undergoing spontane-
ous fission with 7 ;, ~ 2 sec is 105. Oganesyan also discussed a study of the spontaneous fission of the

" isotopes 2965257103, It has been shown that the decay halflife with respect to spontaneous fission for these

nuclei is above 10° sec. The properties of the isotope 2°%103 have been evaluated from the experimental
data.
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I. Zvara reported experiments carried out for a chemical identification of element 105. The experi-
ments were carried out by the gas~adsorption separation of the chlorides of the elements formed simultane-
ously in the nuclear reactions. This method yields evidence for the formation of a new element by means
of its purification from the background sources of different chemical natures, i.e., by a purely chemical
nature. The recoil atoms ejected from the 23Am target during its bombardment by 2?Ne ions were retarded
in a hot-nitrogen flux, and then a stream of nitrogen with chlorinating agents was added to the flux. The ar-
rangement of a highly turbulent flow resulted in the deposition of the nonvolatile chlorides on the tube walls.
Then the flux passed through a region of high temperature gradients (from 300 to 50°C) in which the chlo-
rides of the nuclear-reaction products deposited in an order depending on their volatility in the various
zones. Mica detectors were used to detect the spontaneous fission. It was shown in several series of ex-
periments that the spontaneous fission activity in the elements is that of an element whose chloride is less
volatile than niobium chloride but no less volatile than hafnium chloride. These properties agree with those
predicted for ekatantalum — element 105. Eighteen decays have been detected.

In a report to the scientific council, V. I. Moroz reported the completion of a new program for geo-
‘metric reconstruction (GEOM-7) for the propane and hydrogen bubble chambers for events with from three
to six objects. The program takes into account the ionization loss, which changes as a function of the parti-
cle mass, and the nonuniformity of all three components of the magnetic field. The parameters of the parti-
cles leaving tracks are determined by the least-squares method with an account of the multiple-scattering
matrix and the experimental errors. The electron parameters are also calculated with an account of the
radiation=fluctuation matrix. The current version of thg program is designed for the operation of semiauto-
matic measuring instruments connected directly to a BESM-4 computer; the spatial coordinates are recon-
structed and the calculated results are stored on m;agnetic tape during the measurements. The parameters
are determined from the spatial coordinates on a BESM~-6 computer, for which the program is written with
dynamic memory distribution in FORTRAN. The program permits the simultaneous treatment of up to five
different experiments.

G. 1. Zabiyakin discussed the development of calculation apparatus in the JINR. The design of auto-
matic experimental apparatus is an urgent problem in the development of modern physical research. The
basis for the development of automatic apparatus in physical centers is the electronic digital computer,
Over the last few years, the JINR has sxgmflcantly strengthened its computational base. The computers
currently in use at the institute are a BESM- 6, five BESM 4's, a Minsk-2, a Minsk~22, and an SDS-1604 A.
The experimental features placed additional requirements onthe computers, so the JINR has been involved
in computer development. Among the apparatus designed is a multimachine input—output system based on
the BESM- 6, including remote stations with small machines of the TPAtype. Thepossibilities of the BfisM-4
machines are being expanded: special channels are being developed to receive experimental information,
and the machines are being given additional memory units. The new methodological possibilities allow ex-
perimenters to use small computers for their experiments. These small and comparatively inexpensive
machines permit large-scale mechanization, in a literal sense, of the acquiring of experimental information.
However, the problem posed is even broader — to create an optimum system of computers in the JINR with
a broad network of information-exchange lines, specialization, and multipurpose operation of the individual
computers. In other words, the intention is to create a large computer system for the physical center with
large, medium, and small computers.

The JINR has reconstructed a fast pulsed reactor and has started up the new IBR-30 reactor, as was
reported by V. T. Rudenko. The basic reason for the reconstruction of the IBR-1 with an injector was to
increase the average power and to expand the experimental capabilities of the apparatus while retaining the
high-quality neutron pulses. The IBR-30 with linear electron accelerators as injector is a multipurpose
instrument which can be used in various operating modes. It combines several types of reactors: a single-
pulse Godiva reactor, an IBR-1 fast pulsed reactor, a low-frequency reactor, a pulsed booster, and a pulsed
super booster. Rudenko reported the construction of a new reactor and its characteristics.

F. L. Shapiro discussed studies which have been carried out in the JINR with ultracold neutrons and
some aspects of the future of this field.

Following the recommendations of judges, the scientific council awarded JINR prizes for the best work
carried out in the JINR during 1969. The first prize for scientific research was awarded to a collective of
authors who wrote "Measurement of the slope parameter for the differential cross section for elastic pp-
scattering in the energy range 12-70 GeV " the second prize was awarded to the authors of "Theory for
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intranuclear cascades at high and ultrahigh energies" and "Production of light isotopes with a large neutron
excess in nuclear reactions with heavy ions." The first prize for scientific methodology was awarded to the
collective of authors of "The IBR-30 research reactor;" the second prize was awarded to the authors of "A
new method for detecting particles (a proportional chamber)," "Methods for producing high-activity rare
earth preparations for nuclear spectroscopy," and "System of mathematical operation of the BESM-6 with

atranslator from FORTRAN."
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PHILADELPHIA MAY 1970 INTERNATIONAL MESON
SPECTROSCOPY CONFERENCE

A. A. Kuznetsov

An international conference on meson spectroscopy was held in Philadelphia (USA) in May, 1970. The
number in attendance at the conference was about 250, mostly American physicists.

The conference adopted the system of review reports containing an ample amount of experimental in-
formation on the formation of meson resonances (in different types of interactions) and their properties.

There was great interest shown in the work done at the JINR High Energies Laboratory in the study
of neutral boson resonances decaying to 7’-mesons and y-photons (Z. Struhalski), as well as work on the
study of mesons with strange particles taking part in the decay processes (A. A. Kuznetsov).

Among the other reports of major interest were those dealing with research based on the large CERN
boson spectrometer, dealing with the problem of the A,-meson, as well as a program of work on searching
for mesons of mass equal to (or greater than) the mass of two nucleons. A report by M. Martin (CERN)
contained fresh data on the properties of the A,-meson. A wealth of statistical material was adduced to de-
monstrate that the A,-meson forming in the reactions 7~ +p— K° +K-and 7~ +p — p + 7t + 7~ + 7~ dis-
integrates to form two mesons: the AJ-meson (of lighter mass) with the mass (1265 + 6) MeV and the AEI-
meson (of heavier mass) with the mass (1331 + 6) MeV. Observation of two resonances close in mass in
the region of the A-meson, and having the same decay channel (A, — K° + K7), indicated that the AZL- and
Ag{—mesons have the quantum numbers JP = 2%, This experimenf was completed with the aid of the CERN
‘boson spectrometer with the momentum of the 7" -mesons at 7.0 GeV/c in the 0.2 =< |t| < 0.3 (GeV/c)’ range

" of the four-dimensional transferred momentum, and with mass resolution +8 MeV.

Fresh data obtained on the decay of the A,-meson through various channels by means of bubble cham-~
bers were communicated by A. Barbaro-Galtieri (Berkeley). Approximation of the peak in the mass range
' of this meson was carried out without taking splitting into
TABLE 1. New Data on Decay of A,~ account. The data reported are listed in Table 1.

Mesons A report by B. Barysz (Caltech) discussed experi-

Mass, MeV ' Width, MeV Peffeﬂfage mental data on resonances with mass equal to (or greater
ratio than) the mass of two nucleons, and found as a result of -
pp-interactions. Analysis of the energy dependence of the

Decay channel
of A;-meson

o 130244 83415 71414 . . R
Ay —> { 0 131448 113425 1814 cross sections of several I =1 reactions indicates the ex-
K% 13064-8 100425 1142

istence of the following boson resonances: a) mass 1930

TABLE 2. Coinparison of Data on Decays of Heavy Meson Resonances by Channels 7r

and pwm
Data obtained with CERN boson spectrometer Data obtained with bubble chambers
mass, MeV width, Mey  [TT/PTT PEICENtABR e, MeV width, Mey |1 /P percent-
ratio age ratio
1928+-14 35 92 197512 52 Smali
2195415 13 % 2157420 - 68122 50
2660420 85430 - 266010 50 : 30
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TABLE 3. Comparison of Experimental MeV, width ~35 MeV; b) mass 2200 MeV, width <13 MeV,
and Theoretical et + e~ Interaction Cross and ¢) mass 2380 MeV, width =30 MeV. v
Sections Resonances in the 2250 = M = 2500 MeV range of
‘ ‘ g:é"feltg;‘tlum effective masses were discussed in a report by G. Smith
Reaction Experimental data elect,ﬂdyna_ (Michigan). It was found that a resonance of mass (2382
mics) + 24) MeV and width 26 MeV (CERN data) is observed in
) —_ . + -
) ete- | (3,35::0,25).10-52 3,5.40-32 the reactions PP and PN KK+ (mm) at antiproton mo
e++e—>{ prp= | (1,6+1,5).10-38 2,0. 0-33 menta from 1.5 to 2.0 GeV/c, and a resonance of mass
oo | (1,81£0,6)-10% (2360 + 25 MeV) and width < 60 MeV (Brookhaven data) is

observed in the reactions NN — K* +K + 7+ 7 and NN
— K*Krm. The close values for mass and width of the
peaks reported are indications of the possible existence of
several competing decay channels for the same resonance.

A report by D. Miller (Indiana State University) contained new data on decays of heavy meson reso-
nances through the channels 77 and p7n. These data were obtained by processing bubble-chamber plates.
Inelastic 7~-p- and r*p-interactions (momentum 10 GeV/c) in the 0.1 <|t| < 0.8 (GeV/c)? range of values
of the four-dimensional transferred momentum were studied. The experimental data were compared with
similar data obtained on the CERN boson spectrometer. The results of that comparison appear in Table 2.

The energy dependence of the differential cross sections in the reactions
Ktdp —> K¥fA
K-+4n — K*4A,
K-+p — Kt4nm
Kt+p— K*4p

over the energy range from 3 to 10 GeV was analyzed in a report by G. Kaye (University of Michigan). Ex-
perimental data were compared with results of calculations based on different theoretical models.

A report submitted by an Italian group communicated some tentative results on a verification of the
applicability of quantum electrodynamics, with the reactions ete™ — ete~, e*e™ — ptu~, and ete— — yvy
cited as illustrative examples (see Table 3).

An interesting report was given by D. Kline (Wisconsin) on reactions characterized by Feynmann dia-
grams with baryon exchange in which mesons are formed. It was reported that there is no production of the
p-meson in reactions of the above type, while the w-meson is produced with a fairly large cross section.

The state of affairs at which the Omega Project (CERN large spark spectrometer) has arrived was
discussed at the conference (Beusch), and reports were made on the program of experiments on the CERN
boson spectrometer at Serpukhov (Waitsch), on the Brookhaven [National] Laboratory large magnetic spark
spectrometer (S. Lindenbaum), on the large spark spectrometer at Stanford Laboratory, and on the develop-
ment of new spark chamber procedures (D. Fisher). It was reported at the conference that the Omega Pro-

ject will be completed by the spring of 1972. The planned magnetic field intensity is 18 kG. Optical spark
chambers will be used in this project.

Hybrid facilities, incorporating various combinations of spark chambers, track-delineating spark
chambers, proportional chambers, and even bubble chambers, are now being assembled in many laborato-
ries in the USA. For example, D. Fisher (Brookhaven) reported on 2 hybrid project combining a proportion-
al chamber and spark chamber. This facility offers the advantages of the excellent time resolution inher-
ent in proportional chambers and the option of selecting out events and expensive counting capabilities of
spark chambers. Tests on a prototype have shown that this type of hybrid chamber offers a resolution of
75-85 nsec at different voltages across the "delay interval" (900 to 600 V). The chamber recovery time is
50 to 100 usec. A description of the large Brookhaven Laboratory spark chamber was contained in a report
by S. Lindenbaum.
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II HELSINKI INTERNATIONAL CONFERENCE ON
REACTOR NUCLEAR DATA

S. I. Sukhoruchkin

A second international nuclear data conference was held in Helsinki in June,1970. Since the time of
the first Paris (1966) conference, a large amount of experimental material on neutron cross sections and
other topics of interest in reactor design has been accumulated and systematized in dozens of large labo-
ratories and at nuclear data centers, so that there was naturally great interest in the work of this confer-
ence (in which 163 scientists participated).

Each session usually began with an introductory review report illuminating the present state of the
topic, followed by original papers and, at the end of the session, a review paper was read accompanied by
an evaluation of the extent to which nuclear data needs had been satisfied, i.e., a comparison was made of
the accuracy required and achieved in the data discussed, and ranges of greatest discrepancy in the data
were singled out, with proposals and recommendations tendered. Basic results and conclusions from the
reports heard were discussed once again at the concluding session of the conference.

At the first session, devoted to general topics in the utilization of nuclear data, review papers were
presented, including "Status of nuclear data needs" by G. Schmidt (IAEA), "Effect of inaccuracies in nuclear
data on reactor calculations and performance" by B. Hutchins (General Electric Corp., USA), "Importance
of nuclear data for astrophysics" by D. Clayton (Rice University, USA), and "Data needs for controlled ther-
monuclear fusion devices" by Yu. F. Chernilin (I. V. Kurchatov Institute of Atomic Energy, USSR) (an inter-
esting report by D. Crocker from Harwell was also given on a topic similar to that of the report mentioned
last),

B. Hutchin's report was a particularly timely one, since it relates existing uncertainties in nuclear
data to the economics of large fast breeders. This paper also discussed uncertainties existing several
years ago, and the anticipated spread in future data. It was reported that the o parameter (ratio of capture
cross section to cross section for Pu®®? fission) shifted, in terms of the influence of inaccuracies in nuclear
data on economic costs (losses), from first place in 1968 to third place in 1970 (now trailing behind the cross
section for capture in U?8 and the parameter v, the number of secondary neutrons). But the final accuracies
required for fast breeder design calculation data, 3% for «, 0.5% for v numbers, and 2% for capture cross
section in U8, can probably be attained by 1975. There isno doubt that these high accuracies can be attained
only through simultaneous utilization of differential data obtained with very high resolution, and data on spec-
ial integrated experiments. In that sense, the completion of the "first generation" 6f measurements and
estimates of « to within ~10% (up to energies < 10 keV) in 1970, which has made it possible to make a jump
from 50% uncertainty, is the first necessary step on the path to satisfying the most rigid, but economically
fully justified, requirements in reactor design work. The first session closed with a report by E. Lynn (Har-
well) on progress in understanding the process of neutron interaction with complex nuclei.

Highly accurate measurements were discussed at the second session, where a review report by A,
Deruyter (Gel, Belgium) began a highly detailed analysis of the state of affairs in the study of standard cross
sections, to which normalization of data is usually referred. At the present time, normalization of data to
the fission cross section of U®®, which had been popular in much earlier work, is now encountering grave
doubts. Structure detected in the fission cross section of U%® renders the normalization results dependent
upon the energy resolution of the measurements taken. Deruyter suggested using the cross sections of the
reaction B“’(n, a)Li" and the cross section for scattering on hydrogen as the primary standards, and the fis-
sion cross section of U?*? and the cross sections of the reactions Lif(n, o), He’(n, p), Au®®(n, o), etc., as
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the working standards. Seven original reports given at this session were devoted to concrete aspects of
measurements of the standard cross sections alluded to above.

Nuclear data for fissionable nuclides (A > 220) were discussed at two sessions (for the resonance
range of energies and the region of fast neutrons). Two sessions were devoted to cross sections of nonfis-
sionable nuclides. Review reports were presented at these sessions by James (Harwell), P. Ribon (Saclay),
G. V. Muradyan (IAE/}, USSR), J. Storey (Harwell), B. Penitz and V. Davy (Argonne National Laboratory,
USA), S. Sergeac (West Germany), A. I. Abramov (Power Physics Institute [FEI], USSR), and V. Benzi (Bo-
logna, Italy). Some of the original reports presented were also of a review character. For example, reports
on cross sections of fissionable nuclides devoted to results obtained with spectrometers operated at elec-
tron accelerator facilities at Gel and Scalay each consisted of seven and four reports. The results of mea-
surements done on the cross sections of plutonium and curium isotopes, with underground nuclear explosions
utilized as a research tool, were described in two reports from Los Alamos. Two other problems were

‘ given attention in reports by IAEA experts at two conferences held at Studsvik (Sweden) immediately prior
to this conference, specifically on the status of data on parameters ¥ and « (review papers at the confer-
ence with conclusions and recommendations deriving from the earlier Studsvik conference were made by
representatives of the respective conferences, J. Colvin from Harwell and S. I. Sukhoruchkin from ITEF
[Institute of Theoretical and Expemmental Physms USSR]). The conference on 7 values confirmed a con-
tinuing discrepancy in the value of v of the standard californium source, as well as some contradictions in
data on the energy dependence of v for both U%® and Pu®®®, A review of the present state of & measurements

will be published subsequently.

A large number of reports on measurements and estimates of the cross section for capture in y2s
were presented at the conference. As mentioned earlier, uncertainties in the capture cross section and in
the v number are the weakest points in fast reactor design data at the present time. A very interestingdis-
cussion was stimulated by review reports of C. Campbell (Winfrith Heath, Britain) and H. Kusters (Karls-
ruhe, West Germany), as well as by a paper submitted by J. Barret (Cadarache, France), in which the re-
lative role of differential and integral data in fast reactor design calculations was discussed. The British
viewpoint was that differential data can be measured with slightly lower accuracy than required for calcu-
lations, but that normalization and fitting of these data would be possible on the basis of integrated data.
That is the way the paramount problem in reactor design, designing and constructing an economically fea-
sible fast reactor prototype, is being solved in Britain and France. H. Kusters, and also B. Hutchins (USA),
remarked in this connection that the role of differential data must not be disparaged in any case, since only
differential data are capable of providing information for safety calculations and predictions on long-term
behavior of a breeder reactor. Hence, only some reasonable balance struck between the two types of data
| could satisfy reactor calculation needs. R. Taschek (Los Alamos, USA) correctly noted, in his remarks at
i the concluding session, that reactor designers must devote increasing attention to a sound economic justi-

fication of needs in differential measurements, and must pose the problems to be resolved in this area to
L experimental physicists.

The last session of the conference was devoted to problems and methods in evaluation of nuclear data.
A review report was presented by S. Perlstein (Brookhaven, USA) in the name of four world data acquisition
centers. The report centered on questions resolved at the conference of four nuclear data centers in Mos-
cow (information on which may be found in Atomnaya E’Jnergiya, 28, No. 5, p. 450 (1970)). A report by G.
Alter (Atomics International Corp., USA) presented a detailed description of a system of graphical presen-
tation and comparison of data on neutron cross sections (SCORE) which enables the person evaluating the
data to include cross sections directly in the design calculation process, and to keep track of progressing
stages in the calculations, e.g., the process of fitting fission cross sections to multilevel formulas, and so
forth. In addition to these two reports, there were 15 other communications on different topics concerning
data evaluation, including two Soviet papers (from FEI) on estimates of the U238 capture cross section and
calculations of the density of excited levels of nuclei.

S The IAEA -sponsored Helsinki conference demonstrated the very extensive expansion of experimental
. data in the area of measurements of neutron cross sections, progress achieved in methods for treating the

data in reactor calculations, and the fruitfulness of broad 1nternat10na1 collaboration in this crucial area of
science,

The proceedings of the conference (126 papers included) will be published by IAEA in the immediate
future.
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V YUGOSLAV SYMPOSIUM AND SUMMER SCHOOL ON
THE PHYSICS OF IONIZED GASES

N. V. Fedorenko

The fifth Yugoslav symposium and summer school on the physics of ionized gases was held at Herceg
Novy from July 6 to July 16, 1970. The scientific agenda of the symposium and school covered low-
temperature plasmas, atomic collisions in a gas, and atomic collisions in solids. These three trends are
represented at Yugoslav physics institutes, and the topics covered in the symposium and school are tradi-
tional on that account. Original papers by Yugoslav physicists predominated. The lecturers at the school
were mostly foreign invited guests, whose scientific interests lie along the same lines as those developing
in Yugoslavia. The morning sessions were devoted to lectures forming a part of the school, and the after-
noon or evening sessions were symposium sessions punctuated by brief fifteen-minute reports. The pro-
gram of the school and symposium was not overloaded. This made it possible for the Yugoslav scientists
to utilize the free time of the lecturers for unofficial talks on scientific topics of mutual interest.

Over 150 scientists attended the symposium and school, about a third of them foreigners. The Soviet
delegation consisted of ten. About a third of the lectures given in the course of the school were delivered
by Soviet lecturers. All of the reports by Soviet scientists were heard with great interest.

Low-Temperature Plasma. Most of the work on plasma physics covering work done in Yugoslavia and
included in the symposium agenda dealt with propagation of waves through plasma (B. Anicin, Boris Kidric
Institute), behavior of plasma in crossed fields (D. Tosic, B. Kidric Institute), and high-pressure arc dis-
charges (Institute of Physcis at the University of Belgrade). Investigations of plasma turbulence in the posi-
tive column of a discharge were undertaken at the Jozef Stefan Institute (S. Poberaj); spectroscopic investi-
gations of plasma are underway at several places, specificially at the Ruder Boskovic Institute (Z. Stern-
berg). The lecture program of the school was formulated pretty much in line with these interests. G. Dra-
vin (Fontenay-aux~Roses, France) gave a series of lectures on spectroscopic plasma diagnostics, thermal
equilibrium citeria, and collisional processes in plasma. A lecture by R. Wienecke (West Germany) was
devoted to physical plienomena in an arc discharge in a strong magnetic field, and a lecture by D. Miller
(West Germany) dealt with ultraviolet emission from arc discharges.

Soviet scientists serving this division of the school gave lectures on corpuscular plasma diagnostics
(V. V. Afrosimov), plasma research by microwave techniques (M. M. Larionov and V. A. Ipatov), and appli-
cations of the Doppler effect at the cyclotron frequency in plasma diagnostics (B. I. Ivanov).

Atomic Collisions in Gas. Experimental research on the physics of atomic collisions is being active-
ly pursued by B. Cobic at the Boris Kidric Institute. Work on the theory of atomic collisions is also being
pursued there (R. Janev et al). Experimental research on collisions between electrons and atoms were con-
ducted by M. Kurepa at the Institute of Physics of the University of Belgrade. A sensitive procedure for re-
cording individual photons is also being developed with success at that institute (V. Urosevic). The work
done by all these research groups in Yugoslavia, and also to a partial extent during stays of Yugoslav phys-
icists in the USA and Britain, were presented at the symposium.

The school's program on the physics of atomic collisions was covered by lectures given by Soviet and
Yugoslav scientists. These lectures provided a fairly complete picture of the present status of the physics -
of atomic collisions. Lectures by 1. P. Zapesochnyi dealt with excitation and ionization in electron-atom
collisions. A lecture by V. V. Afrosimov dealf with utilization of a coincidence procedure in the de-
tailed investigation of electron capture and loss processes in atomic collisions. A lecture by V. A.
Belyaev dealt with determinations of cross sections at low energies, using a combined-beam procedure.

Translated from Atomnaya I:Inergiya, Vol. 30, No. 1, pp. 78-79, January, 1971.
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A lecture by R. N. Il'in was devoted to the production of highly excited hydrogen atoms and their ionization

in an electric field. A lecture by N. V. Fedorenko reviewed data reported on electron capture and losses

by ions and hydrogen atoms over a broad range of energies. Lectures by ‘G. F. Drukarev and M, I. Chibisov
- dealt with the theory of atomic cellisions. )

Atomic Collisions in Solids. This area of work in Yugoslavia was begun by B. Perovic and her collea-
gues, and is now being carried out at the Boris Kidric Institute and at the University of Belgrade. -This is
also a small group working at the Jozef Stefan Institute (B. Navincek). The work by Yugoslav physicists in
this area has long been acknowledged. In contrast to the other divisions of the school, most of the reports
on research on collisions in solids were made by foreign scientists., Several papers were devoted to studies
of the penetration of fast foreign ions through semiconducting crystals. This work has a practical side to
it: the production of custom-ordered prespecified semiconductor structures. Other papers dealt with re-’
search on interactions of ions and electrons in alkali halide compounds, and work with thin metallic films,
with the object of throwing light on the mechanism underlying collisions between ions and atoms of the crys-
tal lattice. '

The school lecturers dealing with atomic collisions in solids were all foreigners. One of the lectures
on radiationless processes taking place on the surface of solids was delivered by the renowned American
scientist G. Hackstrom. Also of interest were lectures by G. Carter (Britain) on his investigations of pene-
tration of ions through semiconductor materials (gallium arsenide and gallium phosphide).

A list of expanded annotations of all the original papers was published and circulated before the start
of the symposium. The extent of each annotation ranged from one to four pages. Many of the annotations
~ also included graphs and diagrams. The complete texts of these papers will probably be published by the
end of the year [1970] in an appendix to the new Yugoslav physics publication Fizika. Lectures given at the
school are to be published as a separate brochure, also by the end of 1970,
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XV INTERNATIONAL SUMMER SCHOOL ON THE
STRUCTURE OF THE NUCLEUS

V. G. Solov'ev ' 1
l

The XV international summer school on the structure of the nucleus was held in August, 1970 at Herceg
Novy (Yugoslavia). -About 100 physicists from 13 different countries of Europe and North America were in
attendance,

The central focus in the work of the school was the presentation of the Hartree —Fock —Bogolyubov
method and its applications to various problems in the theory of the atomic nucleus. Lectures by F. Herbut
and M. Vudjidié (Belgrade) described the method of the self-consistent field developed by N, N, Bogolyubov
in 1959, and extended its mathematical development. Lectures by V. G. Solov'ev (JINR, Dubna) gave a pre-
sentation of treatment of small harmonic oscillations proposed by N. N. Bogolyubov within the framework
of the self-consistent field method. The application of this method by R. V. Dzholos and V. G. Solov'ev to
nuclear oscillations was presented. It was shown that equations for the effective fields in the theory of fi-
nite Fermi systems developed by A. B. Migdal, and secular equations of the model with paired and multi-
pole forces, can be derived from the equations of the self-consistent field method. Topics inthe Hartree—
Fock —Bogolyubov theory were also reflected in lectures given by D. Brink (Britain). Seminar participants
were also provided with descriptions, based on the Hartree —Fock —Bogolyubov method, of neutron —proton
correlations (H. Wolter, West Germany), and anharmonicity of nuclear oscillations (J. Mayer, West Ger-
many), The Hai‘tree—Fock—Bogolyubovmethodwas applied to the treatment of nuclear rotational motion

"within the framework of the forced rotation model (P. Ring, West Germany).

Lectures given by Professors O. Brink (Oxford, Britain), K, Bloch (Saclay, France), D. Sprang (Ham-
ilton, Canada), W. Greiner (Frankfurt, West Germany), and M. Jean (Orsain, France) were highly interest-
ing. The lectures by D. Brink, devoted to collective motion in nuclei, presented the method of the coordinate
generator, and demonstrated the relationship between this method and the method of approximate second {
quantization and the Tamm —Dankov method. Applications to light nuclides were presented. Lectures by K. |
Bloch discussed the asymptotic method of determining single-particle levels in a deformed potential well f
at large deformations. Lectures by W. Greiner gave accounts of the region of superheavy elements, nuclear j
quasimolecules, and fission of nuclei shaped as oblate ellipsoids. Stress was laid on the importance of
heavy-ion accelerators in the study of the structure of the nucleus. D. Sprang gave a review of work study- {
ing the behavior of nucleon —nucleon forces outside the energy surface. Interactions between pions and nu-
clei were the subject of a lecture by M. Jean. !

Prominent in the school agenda were the seminars at which those in attendance at the school told of
the work they were engaged in. There was exceptional interest shown in reports by F. Hamilton (USA) on
electromagnetic transitions in deformed nuclei, L. Papineau (France) on analog states in deformed nuclei,
L. A. Malov (JINR, Dubna) on collective states of nuclei in the region of the actinides, J. Wilczycki (JINR,
Dubna) on neutron-rich isotopes of the light elements, M. Stefanone (Italy) on nonstatistical effects in the
capture of resonance neutrons, and so forth.

The school was well organized. The proceedings of the school will be made available in a separate
edition. .

Schools of this type are extremely important from the standpoint of improving the skills and experi-
ence of young scientists, and even of fairly experienced theoretical physicists and experimental physicists.
‘The schools provide consistent presentations of the achievements of modern physics. In addition, each
participant gains the opportunity to discuss the problems which disturb him with highly trained scientists. {

Translated from Atomnaya ﬁnergiya, Vol. 30, No. 1, p. 79, January, 1971.
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ENVIRONMENTAL PROBLEMS IN. THE VICINITY OF
NUCLEAR: ELECTRIC POWER STATIONS

A. D. Turkin

The problem of safe operation.of nuclear electric-power generating stations has been coming to the
forefront with the steadily increasing role played at atomic energy in satisfying the world's needs for pow-
er. Concern is being expressed in. many-countries around the world on the degree of hazard in possible
increases in.radioactivity in the biosphere, and the long-term effects on the environment of the heat re-

’ leased by nuclear power plants to the hydrosphere.

\ The aims of a symposium on environmental problems in the vicinity of nuclear power plants that was

organized by IAEA and held in New York in August, 1970 were to analyze experience in the.construction and
operation of nuclear power stations, and also the measures taken to minimize whatever harmful effect nu-
clear power stations might have .on.the environment.

A quantitative estimate of radiation protection of the population can be made only on the basis of nu~
merical values of the risk probability for any case of radiation exposure. However, in the opinions voiced
by E. Pochin (Britain) and C. Morgan (USA), the methods used at the present time to make such estimates
fail to provide realistic estimates of the risk. The reason for this failure is that information is:still lack-
ing on the frequency of harmful effects caused in humans at low exposure doses. Available quantitative
data on the frequency of occurrence of definite modes of radiation injuries, principally malignant tumors,
were obtained at dosages of several hundred rads. Conversion of these data to low exposure doses may
lead to actual risk values which are far too high. In order to evaluate the probable risk of radioactive con-
tamination of the environment, we have to determine the extent of the release of contaminants, the isotope
compositionof the contaminants released, and also the probability of discharges of radioactivity from po-
tential sources, the amount and age distribution of people who might become subjected to radiation exposure
under different meteorological conditions. The degree of effectiveness of protective measures taken must
also be taken into account, and estimates must be made of possible genetic effects. Neglect of the above
factors in estimates of radiation hazards from wastes could lead to serious errors. The homogeneity of
the criteria for estimating radiation hazard due to radioactive wastes can be based on ICRP recommenda-
tions, stating that the exposure dose for individual persons in a population must not be greater than 0.5 rem
/ year, and the exposure dose for the population taken as a whole must not be greater than 5 rem over a 30
year period, or 0.17 rem /year. Special attention is reserved here for secondary standards governing the
\ critical tolerance levels of releases of radioactive isotopes to the surroundings.

In the Soviet Union, the critical tolerance levels for releases of radioactive isotopes of inert gases
have been set for nuclear power generating stations at 3500 Ci/day, or 0.1 Ci/day in the case of I!¥!, The
positions taken in the USA on controls over radioactive discharges envisage regulations applying to each
nuclear facility separately, depending on the siting and the prevailing meteorological conditions. The criti-
cal tolerance levels for radioactive isotopes of inert gases at 13 nuclear power plants in the USA range from
10 to 85,000 Ci/day, of 3-10%to 0.4 Ci/day in terms of ['*!, Many years of operating experience with nu-
clear power plants in the USSR, USA, Britain, Japan, and other countries has demonstrated that real dis-
charges vented to the atmosphere amount to several percentage points of the critical tolerance levels.

One of the major problems in achieving radiation safety at large nuclear power stations is theoretical
analysis of the limiting possible damage accompanying discharge of large amounts of radioactive substances
to the surroundings. The difficult task in the prognosis of scales of limiting possible damage is, in the view
of P. Candes (France), estimating the fraction of fragments accumulated in fuel and discharge to the exter-.
nal environment. This amount can be assigned the value 30% in the case of the critical possible damage at
a sodium-cooled reactor,

Translated from Atomnaya Energiya, Vol. 30, No. 1, pp. 79-80, January, 1971.
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Considerable attention was given at the symposium to problems connected with the temperature effects
brought about by nuclear power stations and fossil-fuel power stations on the ecological systems of reser-
voirs into which heated water is dumped. J. Donald (USA) and P. Corvoisier (Switzerland) discussed ther-
mal standards relating to this point, but without making any quantitative recommendations. Their failure
to advance quantitative recommendations stems from the fact that the heat accumulation effect is absent
in living organisms, so that the concept of absorbed thermal dose loses its validity.

The volume of radiation control and monitoring of the environment must be clearly defined when nu-
clear power stations are in the design stage. In the view of H. Dunster (Britain), dosimetry of the external
environment must be completed in the first two years of operation of the nuclear power station in line with
a developed program, which can then be curtailed and simplified, as the data accumulate, down to the point
where some of its parts are phased out.

Many of the reporters at the symposium pointed out that the future belongs to nuclear power not only
in the light of economic considerations but also in relation to minimized contamination of the environment
as compared to fossil-fuel electric power stations. At the same time, the siting of nuclear power piants to
be constructed, from the standpoint of providing rad1al:1on protection to the population of the area, remains
an unresolved problem.

The cost feasibility of siting of nuclear power plants near large cities or directly in the confines of a
city brings to the fore the problem of ensuring radiation safety for the surrounding population. Moreover,
the American specialists L. Roddis, J. Ramey, and H. Slater drew attention to certain difficulties in the
building of nuclear power stations due to the still persisting negative opinions entertained by the USA public
toward nuclear power stations. Saiki pointed out that not more than 50% of the people in Japan living in the

vicinity of nuclear power stations have put themselves on record for the further use of nuclear power sta-
tions.

Nevertheless, the problem of siting nuclear power stations in large cities is being solved in Japan.
Engineering designs for a municipal nuclear power plant are being completed in 1-2 years. Construction
of 2 1000 MW(e) reactor power plant is underway in Britain at a site several miles out from a city populated
by over 100,000 people. '

The siting of large nuclear power stations in thickly populated regions requires fabrication and avail-
ability of reliable equipment free of radiation hazard to the population of the area, and cleanup of radioactive
wastes. F. Wachsmann reported on engineering plans for siting an underground nuclear power plant in West
Germany in a thickly populated area, and another nuclear power plant project for underwater siting. This
giting of a nuclear power station will greatly localize release of radioactive materials in the event of acci-
dents,

The lack of any commonly agreed upon methodology for forecasting human exposure dosage, or inter-
national recommendations on the level of contamination manageable in thickly populated areas is holding
back municipal siting of nuclear power plants to some extent. It was also reported at the symposium that
the hazard presented by the presence of a nuclear power plant to the population of the surrounding area is
no greater than the hazard presented by conventional fossil-fuel-burning electric power generating stations.

An estimate made by F. Sowby (Britain) indicates that the radiation risk at a nuclear power piant is
several thousands of times below the natural risk (presented by possible tra.nsportatlon accidents, death due
to illness, etc.).
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CONTINUOUS y-FACILITIES FOR LIQUID-PHASE.AND
VAPOR-PHASE RADIATION PROCESSES

V. A. Gol'dih, A, Kh. Breger,
E. L. Mendel'son, G. I. Lukishov,
E. B. Mamin, and V. P. Smirnov

A pilot y-irradiation facility, the RKhUND-20000 continuous irradiator designed for radiation-chem-~
ical processes under conditions approximating full-scale production conditions to the maximum, with lig-
uid-phase and vapor-phase reagents flowing through the reaction vessel housed with the irradiator (Co®Y
unit, has been developed and put into operation at the L. Ya. Karpov Physicochemical Institute. The physi- .
cal and engineering parameters of the facility are entered in Table 1. The design of the facility (Fig. 1)
includes asquirrel-cage type irradiator-reservoir, a guide tube, a-three-compartment mobile eylinder,
compartmented seals, and a trolley hoist. )

The irradiator-reservoir consists of 20 isolated smoothly bending channels 4, in the bottom of which
are placed 80 standard Co® preparations 6, The irradiator is housed in the steel casing 5 of the facility,
and the free space inside that casing is stuffed with iron shot (p = 4.6 kg/ em?); the fully assembled facility
is installed in a concrete-lined pit sunk in the room floor. The guide tube features a calibrated inner hole
9. ‘

The three-compartment mobile cylinder consists of a cavity accommodating the reaction vessel 8, the
top (3) and bottom (10) lead shielding plug providing the necessary radiation protection for the servicing
personnel. Communication channels 1 linking the process portion of the facility (not shown in Fig. 1) to the

TABLE 1. Physical and Engineering Data on the RKhUND-20000 and Gammatok Irra-
diator Facilities ’

. Parameters . RKhUND -20000 Cammatok ) Parameters JRKhUND-20000|Gammatok

Irradiator Co®? preparations
Class of facility PN-1 pN-1 || Geomewic dimensions, Z11x81 211 x81
’ . mm
Size, mm & 400 X 1450 |2 900 X 2000} Activity, gram-equi- 250 700
valent Ra
weight, kg 500 1800 Dose rate
Activity, gram-equi- 20 000 56 000 Dose rate at center of 220 260
valent Ra . _ _ reaction vessel, t/sec :
Number of channels 20 ! 16
T ) Dose rate in channels
Number of sources in 4 5 for irradiation of - 380
channel lumped systems, r/sec |
Cooling system Air Water Dose rate in channels - 220
for irradiation of
Working volume, liters 9 35 lumped systems, 1/sec
Geometric dimensionsof | @ 130X 300 | 2 260 X 650 || specific rate of con- 10,033 0,036

basic reaction vessel, sumption of biological
min shielding (iron shot),
kg/gram -equivalent Ra

Translated from Atomnaya Energiya, Vol. 30, No. 1, pp. 81-83, January, 1971;
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$400

1450

Fig. 1. RKhUND-20000 facility (vertical
cross section).

+

reaction vessel pass through the top shielding plug 3. The
facility is equipped with a thermocouple 7.

The compartmented electromagnetic seals 2 over an
annular slit between the mobile cylinder and the guide tube,
and which protects personnal from the scattered v ~-radiation
along the annular slit while performing the function of a de-
vice interlocking the mobile cylinder in the working and idling
positions of the facility.

An experimental checkout of the biological shielding re-
vealed that the dose rate at any point on the surface of the ra-
diation~chemical process facility accessible to personnel was
not above 0.6 1R /sec, in agreement with design calculations.
The proposed design solution made it possible to provide the
necessary biological shielding with a relatively small
amount of shielding material (the facility uses 150 kg of lead
shot and 500 kg of iron shot).

The facility is provided with an autonomously operating
interlock and alarm system. The electrical circuitry incor-
porates, as sensors, USIT devices (annunciating alarm for the
radiation situation and interlocking movement), limit switch
contacts (interlock and alarm annunciation in response to the
position of the mobile cylinder), and a current relay (inter-
lock of the electric power drive for the mechanism displacing
the facility). The controls are operated from a central con-
trol panel. The process monitoring and control instrumen-

tation was developed to match the various radiation-chemical processes for which the facility was de-

signed.

Fig. 3
Fig. 2. General view of RKhUND-20000 facility in operation.

Fig. 3. General view of Gammatok pilot radiation-chemical process facility.
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The facility is charged with Co"io'prepar'ations by a "dry" method, directly from a KTB-12 mulﬁcharge
transport container placed above the channels into a fixed charging device.

Several dosimetric systems were studied in line with the proposed utilization of the process fa’cili'ty
under full-scale factory conditions, and a system was chosen (+9% aqueous. glucose solution) which would
make it possible to determine absorbed doses directly in the reaction vessels under both static conditions
and cireulation conditions., The desigh dose rates were confirmed by experiment, and found to be within the
range of accuraey stipulatéd for the procedure (= 7%).

In combination with specially designed process equipment, the: RKhUND-20000 facility has been' used .
in the production of polymaleamides; in batch production of 1 kg polymer per hour (Fig. 2).

A variant of the RKhUND=20000 procéss pilot facility known as the Gammatok (see Table 1) is now
being developed. In this variant (Fig. 3), the basic inner reaction vessel is accompanied by an additional
(outer) vessel which makes it possiblé to up the y-radiation efficiency to 30%. The presence of seven ad-
ditional isolated channels makes it possible to carry out irradiation of agitated objects dnd luniped objects
parallel with the basic production process, for research purposes,

'The proposed: cost of the: Gammatok facility, minus the cost of the y-radiation sources, will not be
greater than 10,000 rubles. Tentative cost estimates of expenses in pilot plant production of polymaleamides
using the Gammatok process facility show that the facility will take rot longer than 2.5 years t6 pay for it-
self, and that the radiation componert of the net production costs will not be greater than 70 kopeks /kg in
the production of 60 tons of this material per year.

The use of facilities of this type for various high-efficiency radiation-chemical processes in full-
scale production appears highly promising 4t this stage.
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ISOTOPE y-FACILITY FOR MICROBIOLOGICAL RADIATION
CHEMICAL RESEARCH (MRKh-y-25M)

D. A. Kaushanskii v : S S ' 7

The MRKh-+y-25M vy -irradiation facility (Fig. 1) designed for microbiological and radiation-chemical
research, and developed at the Special Design Agency of the N. D, Zelinskii Institute of Organic Chemlstry
of the USSR Academy of Sciences, can be installed in an ordinary laboratory room built for biological or
chemical work; the arrangement is compact and of relatively small dimensions. The facility leads itself
well to research under static, through-flow, and circulatory-static conditions, over a broad range of tem-
peratures (from —40 to +550°C) and pressures (from 10™° mm Hg to 100 atm), using modern analyzing in-
struments. The facility can also be used in radiation microbiology and immunology (sterilization of vac~
cines isolated from mlcroblal cells; production of vaccines by radiation inactivation of 11vmg organisms;
sterilization of sera; sterilization of complexes of microbial antigens and chemical vacecines), in medicine
(sterilization of absorbent and suturing materials, medicinal preparations, transplants, etc.), in agriculture

I .
L
— I :
szl
D]
<]
<t
b Fig.1 . } | F1g2

¢ Fig, 1, MRKh-y-25M isotope y-radiation fac111ty for radiation research.
i Flg. 2, Side view of MRKh-'y—25M irradiator facility (cutaway section).

Translated from Atomnaya .Energiy-a, Vol. 30, No. 1, pp. d83—85, January, 1971.A
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TABLE 1. Dependence of Dose Rate on Irradiator Activity

i fe 1 . Dose rate at
Total irradiator [Number of radia- Act .1v1-ty ofsingle y-Equva- center of work-
o R ) radiation source, |alent, gram- )
activity, Ci tion soilrces. Ci equivalents Ra mg6 chamber,
10° R/h
2300 18 ~128 200 . 0.25
4600 36 ~128 200 0.5
8080 18 ~450 1700 0,7-0.9
10750 24 ~450 700 1,0-1.2
16200 36 ~450 700 2.0

101%
107%

i119%

SN

‘160 mm.

¢12mm

Fig. 3. Dose field in air of the working

chamber of the MRKh~-+y-25M facility.

-(radiation selection, biochemistry, ete.), in solid state physies

(study of radiation effects on semiconductors and dielectrics,
research on the nature of radiation damage and radiation-in-
duced flaws, etc.), and in electronics (effect of radiation stabi~
lity of different components in electromc equiprnent, and so
forth). :

.The MRKh-~-25M irradiation facility * is provided with

a set of three plugs and a working chamber; the plugs have
"channels for feeding in or removing irradiation products, which

are designed to take pressures up to 10 atm in one plug and up
to 100 atm in the.other plug; channels in the third plug are
thermostated. In addition, each plug has two channels to ac- .
commodate electrical cables and thermocouples. A variable
dose rate is achieved through the use of a set of lead filters,
and by displacing the working chamber through different dis-
tances from the irradiator.

The irradiator in this facility can be charged with co®
radiation sources of total activity ranging from 2300 to 16,200
Ci depending on the need (see tabular data). The basic data on
the MRKh-+y-25M v -radiation facilities are:

Radiation SOUICES «vvvvernrreneenreereneenens - " Cof?
Irradiator activity needed to produce maximum
dose Trate ..iiieeererieaserocrcsnnesssassannas 16,200 Ci
Maximum dose rate (in alr) at center of working '
ChAMDET « v v vt ersreesreenenreeennnnrenannnas 2.10° R/h
Volume of working chamber.......... cesses seees 1.2 liter
Dose field nonuniformity:
in radial direction .......ceecevevesverecensons +109,
in axial direction ......cecoeeeecveccacsacccons —-25%
Temperature at which working chaniber is thermo-
stated ...... e eecscesssresrnsseariansasnasnos 18-20°C
- Number of plugs with working chamber ........... ' 3
Number of communications in each plug with cham-
ber:
for liquid (2a8) cevevvercsoconess ceenes cesoaiea 2
for electricity cecev... cresesessnann 1
for thermocouple .......cevieenecscscnecasens . 1
Time required to lift (lower) working chamber .... 30 sec

* This facility is a redesigned, modernized variant of the familiar MRKh-y-100 y-radiation facility widely
used in radiation research in the USSR, and in other countries as well, and which was awarded the 1968
Grand Gold Metal at the X Jubilee Trade Fair in Brno (Czechoslovakia) and Gold Metal of the Exp051t10n of
Achievements of the [USSR] National Economy.
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Timer relay operating period .e..cvvivvuueereen. - From 5 to 20 min
Dose rate on surface of facility.......c.veveeuun.n To 2.8 mR/h
Dimensions, with hoist-lift mechanism, but minus :
platform...................... ceceecenaaaeaas 125 x 135 x 320 cm
Weight....ooivireieinnnnnnnnnn. cesesesscaseses ~5.5m
Frequency of three-phase current ........c0.0... : 50 Hz
Voltage ....... ceseescncnnens esiesssssecnrenens 220/380V
Powerintake ........covvieiinnnnnn.. P 0.3 kVA

The cylindrical irradiator takes up the bulk of the space (Fig. 2) occupied by this facility. The cart-
ridge 1 of the irradiator consists of 36 tubular cells situated on a circle and rigidly intercoupled. The cart-
ridge is free to rotate while it is being charged with fresh radiation sources 2; but the cartridge remains in
- fixed position while the facility is in operation. Each tubular cell in the cartridge accommodates two Co®?
sources 11 mm in diameter and 81.5 mm high. The irradiator unit is placed at the center of a container
shell consisting of a top cover 3 and body 4.

The container shell performs the role of biological shielding; the dose rate on the surface of the con-
tainer shell is not greater than 2.8 mR/h, A rod with a thermostated inner volume 5 and transporting the
working chamber with plug 6 runs down the container axis through a guide tube. The working chamber
stands 160 mm high and extends 112 mm in diameter. A single-piece collar 7 with a structure shielding
the annular slits from y-radiation (an antiradiation seal ) 8 is mounted on the top of the container. The
working chamber (rod plus plug) is displaced by the hoist and rotating mechanism 9. A second hoist and ro-
tating mechanism 10 functions as a mirror-image counterpart to the mechanism 9, and is located on the
left-hand side of the facility. This second hoist and rotating mechanism, with plug and chamber, makes it
possibleto stretch the time over which the irradiator radiations can be efficiently utilized.

Back-up limit switches are provided in order to precisely fix the position of the working chamber re-
lative to the irradiator, and to impart greater reliability and greater ease to the work of the operator, and
automatically switch the working ¢hamber off to a stop to within +1 mm of the required position. Control
is facilitated by the introduction of a programmed clockwork mechanism (timer relay) into the control sys-
tem; this relay automates the power drive switching functions after a specified time has elapsed with the
experiment in progress, and the working chamber is automatically stopped in the "object outside of exposure
zone" position by the limit switches. :

The irradiator is recharged with fresh radiation sources every five years, in order to maintain the
initial dose rate. The service life of the radiation sources in the first loading is 15 years.

Design and experimental investigations revealed that the dose rate distribution in working chambers
of 1.2 liter volume are characterized, for the MRKh line of irradiators, by the data shown in Fig. 3.

An experimental prototype of the MRKh-+y-25M facility has been in opération since August, 1969. Batch
production of the facility was started in 1970.
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THE KRK-2 RADIOISOTOPE POTASSIUM
CONCENTRATION GAGE

I. I. Kreindlin, S. V. Mamikonyan,
L. V. Matveev, and O. G. Mikhailov

The KRK-2 rad101sotope potassium concentration gage (see Fig. 1) has been developed at the All-
Union Radiation Engineering Scientific Research Institute (VNIIRT). This instrument is destined to mea-
sure. and record the percentage content of potassium chloride in commercial products of potassmm com-
bines, and is also intended for use as a sensor in an automatic process control system.

Determinations of the potassium chloride concentration are based on measurements of the natural
v-emission of the isotope K%, The radiation flux is proportional to the.content of the potassium chloride -
in the product. The radlatlon is recorded with the aid of a high-efficiency scintillation detector [NaI(T1)
crystal 70 x 70 mm, and FEU-56 photomultiplier tube), and an electronic system consisting of two pulsed
scalers, high-current clock driver, and modules for processing measurement results (memory storage,
write-out on digital printer, digital-to-analog converter).

The instrument is equipped with a system:for monitoring errors which makes it possible to check ér-
rors in the entire measurmg system automatically, and to maintain high accuracy in the measurements.
Checking of malfunctions is based on recording the
flux of y-photons from-a control radiation source
(Ram isotope).

Measurements are performed in three cyc¢leés
in the "control on" mode: radiation emitted by the pro-
duct and by the control source is recorded simultane-
ously in the first ¢ycle. Pulses from the gage output
over-a certain time-interval set by the clock driver
are sent to the measuring scaler module.

After the first cycle has been completed, a sriall
quantity of pulses N} will have been recorded in the
measuring' scaler module, with N} = Kj, + K%, where
K. is the number of pulses from the product recorded,
and Ké is the number of pulses from the control source
recorded, in the first cycle.

In the second cycle, complementary pulses are
supplied to the measuring sc¢aler module and control
source module simultaneously from a stable-frequéncy
generator, until the entire counting capacity of the
measuring scaler module is filled up and it is reset
in its initial state, while the control source module
will have Nf pulses, N? = E—(K! + K}), where E is the
counting capacity of the control source module.

Fig. 1. Complete set of equipment for KRK-2
radioisotope potassium concentration gage: 1)
electronic measuring module; 2) electronic au-

tomatic EPP-09 potentiometric recorder; 3) In the third cycle, only y-photons from the pro-
hopper fill level indicator; 4) connecting cables; duct are recorded, and pulses from the gage arrive

5) detector; 6) power supplies; 7) BZ-15 digital at the measuring scaler module and control source
data printout module. simultaneously.

Translated from Atbmnaya Energiya, Vol. 30, No;.l, pp. 85-86, »lJanuary, 1971.

© 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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When the measurement time in the measuring scaler module is completed, pulses will have been re-
corded totalling Kp, and this can be treated as the resull: of the measurement, while the number of pulses
1n the control source module becomes E —(Kp + Kc) + Kp =E— Kc + (Kp Kp) The value of the difference
K K1 is close to zero, and the average of E — K is very close fo a certain fixed quantity when the para-
meters of the measuring system remain unaltered When the value of E—K} + (K3 —K%,) remains within ac-
ceptable limits, the "working" signal is automatically generated, otherwise the "malfunction" signal is gen-
erated.

The Jinstrument design features a detector device, a fill level indicator, an electronic measuring mo-
dule, the EPP-09M3 automatic recording potentiometer, the BZ-15 digital data printout module, a power
supply package and connecting cables.

The KRK—2 potassium concentration gage makes it possible to measure KCl concentration in potash
ore, and its beneficiation products, to within 1% KCl content, with reproducibility of the readings to within
£0.3%KCl content. The range of measurements was taken over +5% from the specified average KCI concentra-
tion., The stability of the gage readingsis not inferior to 0.4% KCl when the instrument has been in continuous
service for 24 h. Results of the measurements are recorded on digital display tubes of the electronic mod-

ule and on paper tape run through the BZ-15 digital data printout, and also on strlp chart processed by the
EPP-09M3 automatic recorder.

The analog signal arrives at the automatic control system in the'form of direct current from 0 to 5
mA in amplitude, proportional to the measured KC1 concentration over a range of 5% KCl from the speci-
fied average taken over the digital output. Changes of 0.1% in instrument readings correspond to a 50 pA
change in output current, The measurement time without the control is not longer than 10 min, and not lon-
ger than 20 min with the control on indicating proper functioning of the system.

The instrument can be operated either manually or under automatic control, and the periodicity of the
measurements can be set from 15 to 60 min in the automatic case. The range of working temperatures are
+10°C to +35°C for the modules, from —20°C to +40°C for the measuring gage. The instrument is supplied
from an ac power line 220Vf}%, and the power intake is not greater than 600 VA. The modules are of con-
ventional design and format, and the detector device is dustproof and splashproof The length of the con-

necting cables extending between the detector and the instrument modules ranges to 250 meters.

Profotypes of the instrument have undergone state inspection tests and are now in service at the First
Soligor Potassium Combine.
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The second unit of the Belyi Yar I. V. Kurchatov nuclear power station has generated three billion
kWh electric power as of November 9, 1970, and the power statlon as a whole has generated a total of 6.2
billion KkWh as of that date,

In late October, by invitation of our editorial panel, the editor-in-chief of the Polish periodical Nuk-
leonika, Professor S. Szczeniewski, and the editorial secretary W, Zelazny, visited Moscow. Their visit
was a natural continuation of the friendly liaisons established between our two editorial offices. Duringtheir
visit, talks were held, culminating in the signing of a Jomt communique calling for further strengthening of
ties between the periodicals Nukleonika and Atomnaya Energ1ya with the object of improving the flow of in-
formation on the status of nuclear science and nuclear engineering in Poland and in the USSR. Our Polish
colleagues took the opportunity to acquaint themselves with the hospitality of Moscow, and visited the Power
Physics Institute [FEI] at Obninsk,

The XX session of the UNO Science Committee on Atomic Radiation Effects was held in Geneva in
:September, 1970. Documents prepared by the UNO secretariat, and including the latest data on the genetic
sequelae of exposures to ionizing radiations, radiation-induced cancers and malignancies, effect of radia-
tion on the immunological reaction of the organism, exposure doses to the population from professional and
medical irradiation, and from radioactive contamination of the environment, were discussed at the session
in line with Resolution No. 2496 of the XXIV session of the UNO General Assembly, which approved the pre-
ceding report of the Committee and recpmmended that the Committee continue its activities.

The time for presentation of the next report to the General Assembly was set, and the report is to in-
clude data and evaluations on the above topics. The Committee decided to turn to the UNO member-nations,
to specialized institutions, and to IAEA, with requests to make available information on radioactive pollution
of the environment originating in different sources, and on exposure doses due to those sources.

* % ok

In July, 1970, a seminar was held in Moscow for workers in the food procesSing industry in Moscow
and in the Moscow district, on the topic "Experience in the applications of radioisotope instruments and
techniques at food processing plants," with discussion of regularized use of radioisotope instrumentation
for process monitoring and control in the food 1ndsutry, as well as discussion of research findings in the
field of radiation processing of foodstuffs.

Translated from Atomnaya Energ'iya, Vol. 30, No, 1, p. 86, January, 1971,

© 1971 Consultants Bureau, @ division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.

107

Declassified and Approved For Release 2013/02/25 : CIA-RDP10-02196R000300080001-3




~ -

Declassified and Approved For Release 2013/02/25 : CIA-RDP10-02196R000300080001-3
OBITUARIES

ABRAM ISAAKOVICH ALIKHANOVA
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The editorial staff of the periodical Atomnaya Energiya expresses its deep sorrow on hearing of the
death of Academician Abram Isaakovich Alikhanova, a member of the editorial panel, an outstanding Soviet
physicist, Hero of Socialist Labor, recipient of State Prizes, and one of the founders of Soviet nuclear phys-
ics, who passed away on December 8, 1970, in Moscow, in the 67th year of his life. The editorial staff
shares the bitterness of this loss with the relatives and close friends of the deceased.

Translated from Atomnaya ﬁ:nergiya, Vol. 30, No. 1, January, 1971.

© 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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SERGEI TIKHONOVICH KONOBEEVSKII

The outstanding Soviet scientist, leading specialist in the field of the physics of metals and radiation
” materials science, member of the Communist Party of the Soviet Union since 1948, and Corresponding Mem-
ber of the Academy of Sciences of the USSR, Sergei Tikhonovich Konobeevskii, died on November 26, 1970,
} in the 81st year of his life.
r
D
]

The scientific activities of S. T. Konobeevskii began in 1920, when he carried out the first x-ray struc-
tural research on metals subject to plastic deformation in our country. As a result of these investigations,
S.T. Konobeevskii produced a theoretical interpretation of x-ray diagrams of deformed metals, including
interpretations of the texture of rolled steel.

In recent years, many research projects on the study of the structure of metals and alloys, and parti-
cularly classical investigations of the decay of supersaturated solid solutions, were completed at the x-ray
laboratory founded by S. T. Konobeevskii as part of the State Central Institute of Nonferrous Metals, and at
the x-ray structural analysis department of Moscow State University which was under the direction of S. T,
Konobeevskii and his disciples; this research culminated in the discovery of the mechanism underlying the
ageing of alloys, and the development of the relevant theory.

For over 30 years, S. T, Konobeevskii continued his activities in college-level teaching. Many of his
pupils have been doing fruitful teaching work in colleges, at research institutes, and in plants through the
country, and many of them have gone on to become outstanding Soviet scientists,

In 1947, S. T. Konobeevskii was the head of a research project on radiation materials science. He and
his school carried out fundamental research on the study of the effects of reactor irradiation on the struc-
ture and properties of nuclear fuel and structural materials, and in particular discovered, and analyzed

Translated from Atomnaya Energiya, Vol. 30, No. 1, January, 1971.
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theoretically, such phenomena of practical importance as radiation-induced homogenization of uranium
—molybdenum alloys, and stress relaxation in uranium and in uranium alloys induced by neutron bombard-
ment. Many of these research projects.have been acknowledged internationally. ‘His monograph entitled
"Radiation effects on materials™ has become a fundamental textbook guiding all research workers in the
field of reactor materials science. S. T. Konobeevskii had taken an active part in the work of the periodical
Atomnaya Energlya in whose pages he published many of his articles on reactor radiation effects on mate-
rials for the first time. The Soviet government made a high estimate of the scientific merits and accom-
plishments of S. T. Konobeevskii, as reflected in the awarding of two Orders of Lenin, the Order of the La-
bor Red Banner, and various medals. .

A fond memory of Sergei Tikhonovich Konobeevskii will be retained forever in the hearts of all ‘
those who knew him, worked with him, and studied with him, .
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